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ABSTRACT 
OBJECTIVE 
The purpose of this study was to investigate the presence of microbial 
pathogens (specifically bacterial and fungal pathogens) on the chiropractic 
white coats at the University of Johannesburg chiropractic training clinic, as 
well as to assess the underlying attitudes and practices of the chiropractic 
interns regarding white coat hygiene and cleaning habits. 
METHODOLOGY 
Surface samples were taken using the Count-Tact® 20PLT™ contact plates 
(bioMérieux, France), on all (n=68) chiropractic white coats of the interns in 
their 1st-3rd year of clinical training at the University of Johannesburg training 
clinic. Duplicate samples were collected from the top of the pocket of the 
dominant hand side, sampling the top of the pocket and surface above the 
pocket, as well as between the second and third buttons, and the fourth and 
fifth buttons from the top of the coat. These samples were taken during a 
three days period, at the end of shifts of the interns or during their free time 
when they were not treating, without telling them what the research was 
about, this way they would not alter their normal routines. 
Samples were then counted to determine the bacterial and fungal counts on 
each plate and some organisms were isolated and identified via the VITEK® 
2 instrument. 
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Following the sample collection, all chiropractic interns currently practicing in 
the clinic were asked to complete a short survey, with questions compiled 
from previous studies (Banu et al, 2012 and Priya et al, 2009).This survey 
was used to explore the attitudes and practices regarding the chiropractic 
interns white coat hygiene and cleaning habits. 
RESULTS 
The overall response rate for the survey component of the study was 100% 
(68/68). 72% of interns carry their white coats in their hands (uncovered) from 
elsewhere to the clinic, increasing the risk of contamination. 82% of interns 
wore their white coats in clinic only, only a decrease percentage (12%) of 
interns wore their white coat outside the clinic, and even less (6%) wore theirs 
outside the university. A desirable 59% of interns didn’t consider their white 
coats as clean even when there was no observable dirt, however 41% had 
the opposite belief. Furthermore, 78% of interns considered their white coats 
to be potentially contaminated or carrying microorganisms even when there 
was no observable dirt. A huge majority of the interns (91%) believed that 
their white coats may serve as potential vectors or carriers of pathogens, and 
62% of interns admitted to making use of exchange practices amongst them.  
Although these results were favorable, there was still a concerning and 
considerable gap in knowledge that needed to be addressed to decrease the 
risk of contamination. 
Results from the surface sampling demonstrated that surfaces of the interns’ 
white coats that make contact with the patients’ body and/or the interns’ 
hands, do harbor microorganisms, with the highest average bacterial colony 
count found on point B (±32CFU/cm2) between the fourth and fifth buttons of 
the coat counting from the top of the coat, per area tested with the contact 
plate, hence 25cm2. And the highest average fungal colony count was also 
ix 
 
found on point B (±13CFU/cm2). The Mann- Whitney U test demonstrated 
significant statistical difference between the three different points on the lab 
coats for bacteria but not fungi, bacteria (p= 0.017) and fungi (p= 0.133); and 
between the first and second years for bacteria but not fungi, bacteria (p= 
0.094) and fungi (p= 0.318).  
These results also highlighted that the chiropractic interns white coats are 
indeed potential reservoirs for bacteria such as; Enterobacter cloacae, 
Bacillus cereus, Staphylococcus aureus and many others, which correlates 
with previous findings done on other students’ white coats in teaching 
hospitals (Banu et al, 2012; Fernandes et al, 2012; Mwamungule et al, 2015). 
As well as potential reservoirs for fungi such as; Aspergillus niger. 
DISCUSSION 
This study suggested the potential existence of nosocomial acquisition of 
microbial pathogens on the chiropractic white coats at the University of 
Johannesburg chiropractic training clinic. Although most of the 
microorganisms isolated on the interns’ white coats were harmless skin 
bacteria and/or environmental fungi, they are opportunistic which pose a 
direct threat to the patient and possibly the community. Because point B had 
the highest mean bacterial count for both bacteria and fungi, and there was a 
significant statistical difference between the three points sampled, these 
results suggest that microbial contamination on a white coat will commonly 
take place on surfaces within the closest proximity or most in contact with the 
patients, as well as most in contact with the practitioner’s hands, which will be 
point B (the bottom surface of the coat) and point C (the pockets). Therefore, 
standard disinfection protocols must be instilled to address the removal of 
microorganisms from these surfaces to prevent potential horizontal 
transmission or nosocomial acquisition. 
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CONCLUSION 
Overall, the information gathered in this study both supports and emphasizes 
the need for an effective disinfection protocol for the prevention of bacterial 
and fungal buildup on the chiropractic interns’ white coats at the University of 
Johannesburg chiropractic training clinic. 
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CHAPTER 1 – INTRODUCTION 
1.1 Introduction 
The outbreak of nosocomial infections has become an alarming issue all 
over the world, as these infections are often due to the spread or transfer 
of pathogens in the healthcare settings, which act as a reservoir for 
harmful and potentially lethal organisms (Chemaly et al, 2014). There’s 
been numerous reports showing hospital settings to be a huge contributor 
to the extensive list of nosocomial infection cases, otherwise known as 
hospital acquired infections. These studies show the link between the 
pathogens and the overlooked sites or sources of infections, such as the 
white coat worn by the treating doctors (Akanbi et al, 2017). 
Many studies done indicate that white coats, and other hospital garments, 
used by practitioners in the hospital settings are known to be potentially 
contaminated with pathogenic or drug resistant bacteria and serve as 
potential reservoirs for pathogens (Neely et al, 2000; Chacko et al, 2003; 
Priya et al, 2009; Banu et al, 2012; Qaday et al, 2015; Gupta et al, 2016; 
Trupti et al, 2016; Akanbi et al, 2017). 
This creates the problem that the white coats can become a source of 
contamination in the other health care environments, such as chiropractic 
clinics. Therefore, this study is important because it helps us determine to 
what extent white coats are contaminated at the University of 
Johannesburg Chiropractic training clinic, the different attitudes and 
practices of the interns regarding their white coats, as well as to identify 
the different types of bacterial and fungal agents found on them. This will 
assist in taking the necessary safety measures to prevent the risks of 
spreading the pathogens in the University of Johannesburg Chiropractic 
training clinic. The clinic has a total of 71 interns and caters for people 
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from different backgrounds, working classes, as well as from different 
cities all over the province as it is the only training clinic in the most 
populated province in South Africa, which contains nearly 15 million 
inhabitants. 
1.2 Aim of the study 
The aim of this study was to investigate if Chiropractic treatment coats 
were sources for bacteria and fungi, and what the attitudes and practices 
of chiropractic students (in their 1st-3rd year of clinical training years) 
towards the disinfection and cleaning of the white coats were at the 
University of Johannesburg Chiropractic training Clinic. 
1.3 Possible benefits of the study 
This study will contribute towards determining the presence of bacteria or 
fungi of concern on the white coats of chiropractic interns at the University 
of Johannesburg Chiropractic training clinic. It will shed light on the 
attitudes, practises and cleaning habits of the interns towards their white 
coats.The data could also be used to propose and test protocols for white 
coats cleaning routines, specific to the University of Johannesburg 
chiropractic training clinic. 
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CHAPTER 2 – LITERATURE REVIEW 
2.1 Introduction 
Nosocomial or hospital acquired infections are often due to the transfer of 
pathogens in the healthcare environment and healthcare settings, 
continually serving as reservoir for harmful and potentially lethal 
organisms (Chemaly et al, 2014), and recently has become an alarming 
issue all over the world and in South Africa’s healthcare systems.  
Studies indicate that white coats, and other hospital garments, used by 
practitioners in hospital settings are known to be potentially contaminated 
with pathogenic or drug resistant bacteria and serve as potential reservoirs 
for microbial pathogens (Neely et al, 2000; Chacko et al, 2003; Priya et al, 
2009; Banu et al, 2012; Qaday et al, 2015; Gupta et al, 2016; Trupti et al, 
2016; Akanbi et al, 2017). 
These garments may play a role in the transmission of nosocomial 
pathogens between the practitioner and patients and vice versa (Banu et 
al, 2012; Qaday et al, 2015; Trupti et al, 2016). For many people, white 
coats are known as a symbol of healing and hope; however, recently 
concerns have been risen about the possibility of infectious 
microorganisms being spread in or outside the hospital through white 
coats (Qaday et al, 2015). It’s an acceptable ritual for a clinician to wear a 
white coat, however the problem rises on the different washing habits from 
each individual, as well as the where, when, and how each person wears 
theirs (Trupti et al, 2016). 
Although research on the existence of pathogens on practitioners’ white 
coats in training clinics have been done, there are no adequate studies 
done in South Africa on the potential contamination of Chiropractors’ white 
coats, as well as other healthcare providers. 
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2.1.1 Nosocomial Infections  
Cardoso et al, (2014) defines Nosocomial infections or Healthcare-
acquired infections (HAIs) as infections that are often acquired but not 
always, after being exposed to or in contact with objects in the healthcare 
settings. According to Mwamungule et al, (2015) studies done by the 
World Health Organization (WHO) show that these infections have a high 
rate and serious effects in underprivileged environments, and have now 
become a big issue in most countries’ public health. These infections have 
a massive impact on health care systems, patients and their families. 
About 1.4 million people around the globe are contaminated by these 
HAI’s, leading to high healthcare costs, elevated mortality and morbidity 
rates. 
Because of the increases in costs and the rising antibiotic resistance issue 
nowadays, there’s been more attention given towards the prevention of 
hospital acquired infections. To control these infections, standard hand 
hygiene practices and safety measures to reduce contamination have 
been implemented worldwide. However, the role of healthcare 
practitioners’ uniform in the contamination and spread of these HAI’s is still 
not well understood. Raising concerns that although healthcare staff 
members are primarily there to solve problems, they may also be playing a 
major part in the spread of pathogens in the hospital settings 
(Mwamungule et al, 2015). 
The Centre of Disease Control (CDC) reports that millions of individuals 
around the world are contaminated with HAIs, in South Africa one out of 
every seven patients who enters the hospital is probably going to be 
contaminated with a HAIs (Revelas, 2012).  
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2.1.2 Common nosocomial pathogens associated with surface 
contamination  
Escherichia coli, Pseudomonas aeruginosa, Candida spp., 
Staphylococcus aureus, Klebsiella Pneumoniae, and Clostridium difficile 
are some of the most common pathogens linked to nosocomial infections. 
However E. coli and Clostridium difficile, are examples of a group of 
pathogens with very strong links to surface contamination and 
transmission (CDC, 2017). 
Nosocomial infections are classified in different pathogenic groups, one 
notable group is a group of pathogens called The ESKAPE pathogens, 
which are well known for their antimicrobial resistance properties, and 
usually give doctors serious issues when it comes to finding the effective 
treatment against them (Rice, 2015).  
2.1.3 Factors influencing the development of nosocomial infections  
Infections can be caused in the following 3 ways: 
1) Endogenously, so through the patient’s own flora 
2) Through horizontal and nosocomial transmission, through a 
pathogen acquired from another person outside or in the hospital 
environments. 
3) And finally acquisition of microorganisms from an inanimate object 
or substances recently contaminated from another human source.  
However, there are 5 main factors listed below, which play a major role in 
the development of nosocomial infections. 
i. Microbial agent  
Patients are exposed to various types of pathogens in clinics, and two 
main categories of these pathogenic agents are listed below with a brief 
summary on each. The pathogen species, its virulence and the inoculums, 
as well as its resistance to antimicrobial agents plays a massive role in 
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determining the possibility of contamination to these nosocomial 
pathogens (Perdijk et al, 2017). Table 2.1 summarizes some studies that 
show microbial agents such as fungi and bacteria to cause nosocomial 
infections.  
 
 
Table 2.1 Lists of some studies that show microbial agents such as 
fungi and bacteria to cause nosocomial infections.  
Microorganism  Reference 
Fungi 
Rhizopus  Maraví-Poma et al. (2004)  
Cryptococcus  Wang et al. (2005) 
Candida parapsilosis  van Asbeck et al. (2009)  
Bacteria 
Staphylococcus aureus (S. aureus)  Al-Abdli and Baiu. (2016)  
Escherichia coli (E. coli)  Lausch et al. (2013)  
Enterococci  Hayden et al. (2008)  
Klebsiella pneumonia (K. pneumonia)  Cassettari et al. (2006)  
Serratia marcescens  de Vries et al. (2006)  
Pseudomonas aeruginosa (P. 
aeruginosa)  
Zawacki et al. (2004)  
Acinetobacter spp.  El Shafie et al. (2004)  
Bacteria  
Bacteria are microorganisms that are mainly divided in two groups, they 
can either be gram-positive or gram negative bacteria. We often associate 
them to infections, diseases, etc. even though most of them are not 
disease causing and are actually helpful in maintaining a balanced health 
status. However due to their abundance in our environments we are more 
prone to pick up a disease causing bacteria without knowing it (Perdijk et 
al, 2017). 
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Most Gram-positive bacteria are known to be harmless, bacteria such as 
Gemella bergeri and Micrococcus luteus are mostly found in the stomach 
lining of humans and exists as part of their normal flora (Lee and Oakley, 
2014). However, there are opportunistic gram-positive bacteria such as 
Staphylococcus spp., which although regarded as nonpathogenic, can 
sometimes cause systemic infections such as endocarditis, osteomyelitis, 
pneumonia, and meningitis in patients with compromised immune systems 
(Cogen et al, 2008). 
Gram-negative bacteria are a major issue in hospital environments, 
because they are the most commonly known type of bacteria to cause 
nosocomial infections (Ryan and Adley, 2010).  
What makes them more dangerous is their ability to take advantage of an 
immune compromised individual and their ability to resist multiple drugs. 
Escherichia coli and Acinetobacter spp. are examples of opportunistic 
pathogens that are known to cause nosocomial infections such as 
meningitis, pneumonia, etc. (CDC, 2014). 
Fungi 
Fungi often develop in the form of molds, yeasts, or sometimes both. 
Fungi are grouped based on their source or origin, the phylloplane types 
are the most common type found in buildings; Cladosporium, Ulocladium, 
Stemphylium, and Alternaria are all examples of some of the most 
frequent phylloplane genera found in buildings.  These fungi are also 
found on leaves in nature. The saprotroph are the second biggest group of 
fungi and are usually found in soil, their genera is made up of Rhizopus, 
Eurotium, Aspergillus, Mucor Emericella, etc. the remaining groups are 
made up of fungi that are found in food such as vegetables and fruits, and 
those found in wood (Dillon et al, 2005).  
Fungi really like dampened surfaces because they depend on moisture 
and temperature to grow. Hence, are usually found in both outside 
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environments/things such as food, air, soil, compost or decaying 
vegetation; and indoor things such as pillows, bedding, computer fans, 
textiles, fireproofing materials, water/storage tanks, ventilation and other 
air conditioning systems (Khan and Karuppayil, 2012).  There are more 
and more reports of serious fungal infections in nosocomial settings; 
Candida spp., Aspergillus spp., Mucorales, and Fusarium spp. are 
examples of some of the most common fungi linked to nosocomial 
infections (Perdijk et al, 2017).  
ii. Bacterial resistance 
One of the oldest, and well known major issue when it comes to fighting 
infections and contaminations, is the resistance of a bacteria to common 
biocides such as antibiotics or antimicrobial drugs, disinfectants, 
antiseptics and preservatives. Many studies are done on how these 
microbes respond to the above listed biocides. Recently there’s been an 
increase in numbers and degree of contamination of these multi-drug 
resistant bacteria such as Pseudomonas aeruginosa and Klebsiella spp. in 
hospital environments (Prestinaci et al, 2015). 
iii. State of the immune system 
As indicated above that opportunistic microbial agents will usually target 
individuals with compromised immune system, which in return then makes 
them more prone to infections (CDC, 2014). Hence, when it comes to 
combatting infections, the patient’s immune system is a major factor. 
Depending on the duration and seriousness of the compromised immune 
system, patients with suppressed immune system that may be due to poor 
nutrition, acute or chronic diseases, old age, or pregnancy have the 
highest risk to be infected with a nosocomial infection when in hospital 
settings (Perdijk et al, 2017). 
iv. Environmental factors  
In an environment such as a hospital, you find individuals who are ill or 
infected, and those who are not, sharing the same space and now putting 
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those who are not infected, at risk of infection. Some materials, objects 
and devices in these settings are easily contaminated by the microbes, 
subsequently also contaminating patients who are usually in contact with 
these objects (Al-Abdli and Baiu, 2016).  
According to Evans et al, (2008) surfaces that are difficult to clean, such 
as textured surfaces create harbor points for potential harmful pathogens. 
And that ideal surfaces are those that are long-lasting and can be cleaned 
easily. Another major factor is how crowded the environment is, studies 
indicate that the more crowded the healthcare facility, the more likely the 
spread of microorganisms (Ducel et al, 2002). 
The development of infection is also affected by the changes in humidity 
and temperature of the environment as mentioned earlier in the microbial 
agent section on fungi. When wet, acoustical tiles are known to promote 
microbial growth, and that false ceilings may also contaminate the 
environment through the harboring of dusts and pests (Noskin et al, 2000). 
Generally furniture are considered a minor risk for cross contamination, 
even though studies recognize the survival of microbes on textiles and 
other environment surfaces (Koca et al, 2012). 
v. Proximity to the source  
Because of the different treatment approaches, medical professionals 
such as physicians, physiotherapists, chiropractors, biokineticists, and 
other similar practitioners who regularly interact very closely with patients 
and have direct contact with patients’ bodies and sometimes body fluids 
which can potentially be contaminated, hence spread infections. Often 
these professionals are overlooked when it comes to the risk of exposure 
to infections, due to the nature of conditions they treat. Although research 
shows the presence of pathological microorganisms such as influenza 
virus, Escherichia coli and other microbes on chiropractic treatment tables, 
white coats and various other locations (Evans et al, 2008; Walter, 2010; 
Banu et al, 2012). 
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Despite there being very little studies done on the epidemiology of 
nosocomial acquisition of pathogens, and contamination of chiropractic 
clinic coats or white coats, there is definite recognition on the possibility for 
the above surfaces to contribute in the spread of nosocomial infections 
(Banu et al, 2012; Qaday et al, 2015; Trupti et al, 2016; Perdijk et al, 
2017).  
Studies have identified some pathogenic bacteria such as Staphylococcus 
aureus, Escherichia coli, and even methicillin-resistant Staphylococcus 
aureus (MRSA) on clinicians and students white coats in hospital settings 
(Banu et al, 2012; Qaday et al, 2015). 
This compels us to investigate and question the chiropractic interns’ 
maintenance habits, practices, and attitudes regarding microbial 
contamination of white coats. 
2.1.4 Microbial contamination and survival in healthcare 
environments  
Numerous studies have shown that fungi and bacteria can grow on 
inanimate objects and almost all synthetic materials in hospital 
environments especially if they can absorb dust and are hygroscopic, 
materials such as fiberglass insulation, ceiling tiles, inner wall materials 
used in buildings, and prefabricated gypsum board may all serve as ideal 
growth surfaces for fungi (Samet and Spengler, 2003; Erkara et al, 2008; 
Shirakawa et al, 2011; Khan and Karuppayil, 2012).  
However bacteria such as vancomycin-resistant Enterococci, Micrococci 
spp, Staphylococcus aureus and Staphylococcus spp. frequently 
contaminate fabric covered furniture in hospitals, fabric like material or 
doctor’s white coats, as well as the stethoscopes utilized by physicians 
(Noskin et al, 2000; Evans et al, 2008; Banu et al, 2012; Qaday et al, 
2015). 
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Now that we’ve proven the presence and survival of pathogens in 
healthcare settings, the next question should be for how long do these 
pathogens survive in our healthcare facilities, bearing in mind that certain 
factors such as the temperature, the type and state of the surface plays a 
role in determining the survival period. Table 2.2 illustrates and 
summarizes a list of organisms and their survival period. 
As below above, there’s no doubt about the existence of pathogens in 
hospital settings, even in the least expected cases, such as operating 
rooms which are considered to be some of the cleanest or most sterilised 
places in hospitals, to be polluted with pathogens such as multidrug-
resistant Gram-negative bacilli, Clostridium difficile, methicillin-resistant 
Staphylococcus aureus, and vancomycin-resistant Enterococci. To the 
point where more than 40% of beds of patients who were MRSA negative, 
were found positive for MRSA. Even after regular cleaning of these 
environments were done (Birnbach et al, 2015). 
Table 2.2 Summary of survival time of organisms associated with 
nosocomial infections. Adapted from: (Kramer et al, 2006; 
Chemaly et al, 2014). 
Organism Survival time References 
Most Gram-positive and 
Gram-negative bacteria 
up to 4- 5 months on dry 
surfaces, with longer 
persistence under humid 
and lower temperature 
Chemaly et al. 
(2014); Russotto et 
al. (2015) 
Clostridium difficile 
spores 
4- 5months under 
conditions in  most 
healthcare facilities 
Leas et al. (2015) 
Vancomycin resistant 
Enterococcus (VRE) 
5 days- 46 months* Leas et al. (2015) 
Methicillin resistant 
Staphylococcus aureus 
(MRSA) 
7 days- 12 months* Chemaly et al. 
(2014) 
Acinetobacter 
baumannii 
3 days- 11 months* Chemaly et al. 
(2014) 
Escherichia coli Same as above Chemaly et al. 
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(2014) 
Carbapenem-resistant 
Enterobacteriaceae 
19 days* Chemaly et al. 
(2014) 
Pseudomonas 
aeruginosa 
6 hours-16 months* Chemaly et al. 
(2014) 
Candida parapsilosis 14 days Kramer et al. 
(2006) 
Candida albicans 1 day- 120 days Kramer et al. 
(2006) 
*Survival times of MDROs on dry inanimate objects 
Many studies (Samet and Spengler, 2003; Portnoy, 2003; Khan et al, 
2009), also show a link between allergic infections cases and isolated 
bacteria and fungi from indoor environments, which could be caused by 
the movement of the pathogens through the air or other routes, or due to 
the direct spread from the healthcare workers, or patient’s visitors (who 
have no signs of infection), or could also be due to the pathogens left 
behind from the previous patient (Creamer et al, 2014).  
Studies done by Claro et al, (2015) show how following the correct and 
appropriate cleaning practices is so vital and beneficial with regards to the 
prevention of infections, especially those of surfaces that are most in 
contact. A proposed microbial standard of less than 2.5 colony forming 
units (CFU)/ cm2 on surface, is considered a threshold to adhere to which 
will help control, and decrease nosocomial infections for a harmless health 
care environment, this is yet to be authenticated. 
2.1.5 Sources of nosocomial infections  
Perdijk et al, (2017) indicate that there could potentially be four different 
sources that lead to microorganism contamination, only one of the four 
sources is endogenous and the other three are all exogenous.  
i. Endogenous sources  
When the infection originates from within inside the body itself, and is 
caused by microorganisms that naturally reside on or in the body, we then 
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consider the patient’s source of infection to be endogenous. Often this is 
associated with immune compromised patients, patients with autoimmune 
conditions, malnutrition, impaired blood supply, diabetes, and patients with 
diseases such as AIDS, where the patient’s normal flora becomes 
compromised. (Perdijk et al, 2017). Streptococci and Staphylococci are 
examples of microorganisms that are naturally found on and in the body, 
yet can develop into potentially harmful or disease causing agents (Perdijk 
et al, 2017). 
ii. Exogenous sources  
Nelson and Williams, (2014) define exogenous sources of infections, as 
infections picked up from the environment directly, which may be caused 
by either pathogenic or nonpathogenic organisms, and are obtained from 
the direct contact with the contaminated person or animal, asymptomatic 
healthcare personnel, equipment, or horizontally transmitted from mother 
to child, as well as through the air and fomites. Examples of these sources 
are mainly from animals, humans and the environment itself. 
a. Animals  
Zoonotic infections, are infections which are normally found only with 
animals, but may accidentally be transmitted to humans (CDC, 2005), this 
is usually acquired from direct contact with the infected animal, and some 
accidental examples of this would be through the ingestion of 
unpasteurized milk products or contaminated meat, working as a 
veterinarian, a farmer, or in the slaughterhouse (Collins, 2008; Pelzer and 
Currin, 2009). Brucellosis is one of the common medical condition 
regularly reported, and is caused by the bacteria called Brucella melitensis 
(CDC, 2005). 
b. Environment – soil, water, and air 
Soil, water, and air make up the biggest part of our environment and 
usually contain organisms that are not harmful to humans, may rarely 
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carry pathogens but often carry opportunistic organisms which may 
become harmful to those with weak immune systems. 
The soil often contains animal feces, and animal feces often contain many 
pathogenic organisms which are harmful to humans, most of these 
pathogens have the ability to survive in harsh environments because of 
their capabilities to form spores (Baumgardner, 2012). An example of this 
is a condition called cryptococcosis, caused by Cryptococcus neoformans 
which comes from pigeon feces or guano. Patients with cryptococcosis 
may present with ulcers or acne-like skin eruptions, and those with 
systemic symptoms may first show signs of lung infections, and then 
spread to other body systems, often the nervous system which if not 
treated may become fatal (Singh, 2014). 
Acinetobacter lwoffii, Pseudomonas fluorescens, Brevundimonas 
vesicularis, Methylobacterium spp., and numerous other gram-negative 
bacteria have been found from many clinical specimens, dispensers, water 
taps, and hand washbasins in healthcare settings (Mondello et al, 2006). 
Hence demonstrating that water can be a notable source of nosocomial 
infections, especially because these organisms can replicate and survive 
in moist reservoirs, resulting in nosocomial outbreaks and the need to 
investigate these water sources.   
Bioaerosol is when the air is profusely polluted with microorganisms, and 
this is the air we often breathe (Wojtatowicz et al, 2008). Karwowska 
(2005), defines bioaerosol as a colloidal suspension, formed by liquid 
droplets and particles of solid matter in the air, whose components contain 
or have attached to them viruses, fungal spores and conidia, bacterial 
endospores, plant pollen and fragments of plant tissues.  
Examples of some common organisms that contaminate the air are listed 
below, Fusarium spp. and Aspergillus spp. are examples of some fungal 
pathogens that are inhaled in the air or aerosol, as well as from eating 
contaminated food (Baumgardner, 2012). For bacteria we call them 
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airborne bacteria, examples are Aerococcus viridans, Staphylococcus 
spp., Micrococcus luteus, and Kocuria rosea which originate from sheds of 
skin or respiratory tracts of symptomatic or asymptomatic individuals and 
are often opportunistic (Blevins, 2006).  
c. Humans- healthcare workers, fomites 
An important source, reservoir or carrier of nosocomial pathogens which 
are often overlooked are healthcare workers. Potentially pathogenic 
organisms exist on their hands, uniforms and medical instruments which 
may be transmitted to patients during a consultation (Sanon and Watkins, 
2012; Perdijk et al, 2017). 
Fomites such as fixed structures, devices, equipment, and instruments in 
the hospital, are another significant source of infections, which regularly 
spread pathogens (Perdijk et al, 2017). Almost all of the infectious 
organisms mentioned before can come from this source, because of their 
ability to survive on inanimate surfaces, these surfaces are also known as 
fomites. The transfer of infectious pathogens between two separate 
fomites when in contact, and between inanimate and animate objects, or 
vice versa is very possible once a fomite is contaminated (Kramer et al, 
2006). 
Examples of some infectious organisms found on some parts of the body 
and fomite are:  
a) Hands, organisms found Staphylococcus aureus, Bacillus spp., 
Pseudomonas spp., and Escherichia coli (Ibeneme et al, 2017);  
b) The nose, carrying Staphylococcus aureus (Legese et al, 2018); 
and  
c) The doctor’s white coat, also carrying Staphylococcus aureus, 
Enterococcus faecalis, Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and Staphylococcus epidermidis (Akanbi et al, 2017). 
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Clack et al. (2017) states that apart from being at risk of contamination 
from contact with patients, health care personnel are also at risk of 
contamination via contact with inanimate surfaces in the healthcare 
environments. Many devices used by medical practitioners are usually 
used in direct contact with the patients’ skin and other surfaces, which 
may serve as an ideal source of infection. Table 2.3 shows examples of 
some of these equipment and surfaces found to act as reservoir for 
microbe transportation. 
2.1.6 Microorganism modes of transmission  
There are five routes of transmission in which microorganisms may 
potentially be transmitted to healthcare workers and patients. The five 
transmission routes are contact transmission, airborne transmission, 
respiratory droplet transmission, vector transmission, and common vehicle 
transmission, all of which are further discussed below. 
In the healthcare environments, the most common and important mode of 
transmission out of the five routes mentioned above, is contact 
transmission.  
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Table 2.3  Equipment and surfaces that can act as potential reservoirs for microorganisms. 
Equipment or surface  Microorganism Reference 
White coats Staphylococcus aureus, Staphylococcus epidermidis, 
Escherichia coli, Enterobacter spp., Gram-negative bacteria, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Enterococcus faecalis 
Mwamungule et al. 
(2015); Qaday et al. 
(2015); Akanbi et al. 
(2017) 
Lancet devices Hepatitis B virus Diercke et al. (2015) 
Hospital fabrics and plastics, Candida spp., Aspergillus spp., a Fusarium sp., a Mucor sp. Neely and Orloff. (2001) 
Linen, linen delivery bins Bacillus cereus, Rhizopus delemar Sasahara et al. (2010); 
Duffy et al. (2014) 
Stethoscopes Methicillin-resistant Staphylococcus aureus Longtin et al. (2014)  
Ultrasound machine Methicillin-susceptible and methicillin-resistant Staphylococcus 
aureus, Coagulase-negative Staphylococci, Pseudomonas 
aeruginosa, Acinetobacter baumannii, Corinenebacterium spp.,  
Shokoohi et al. (2015); 
Koibuchi et al. (2013) 
Portable radiograph 
equipment 
Methicillin-resistant Staphylococcus aureus, Vancomyin-
resistant enterococci, Acinetobacter baumannii, Klebsiella. 
Levin et al. (2009) 
Mobile phones Methicillin-susceptible and methicillin-resistant Staphylococcus 
aureus, Enterobacter spp., Citrobacter koseri 
Chang et al. (2017) 
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Table 2.3 continued Equipment and surfaces that can act as potential reservoirs for microorganisms. 
Equipment or surface  Microorganism Reference 
Medical charts Coagulase-negative Staphylococci, Acinetobacter baumannii, 
Klebsiella pneumoniae 
Teng et al. (2009) 
Ventilator buttons and 
circuits, suction system 
switches 
Staphylococcus aureus, Pseudomonas aeruginosa Sui et al. (2012) 
Blood pressure cuffs Methicillin-resistant Staphylococcus aureus Matsuo et al. (2013) 
ECG Leads Vancomyin-resistant enterococci, Coagulase-negative 
Staphylococci, Pseudomonas aeruginosa 
Falk et al. (2000); Lestari 
et al. (2013) 
Over-bed tables, bedside 
rails 
Methicillin-resistant Staphylococcus aureus Kurashige et al. (2016) 
Dental chair, light handles, 
suction tips, practitioners 
pens 
Klebsiella species, Pseudomonas aeruginosa, Escherichia coli, 
Enterobacter species, Staphylococcus aureus 
Umar et al. (2015) 
Doorknobs, slit-lamp 
headrests, chinrests, 
computer keyboards 
Methicillin-susceptible and methicillin-resistant Staphylococcus 
aureus 
Reem et al. (2014) 
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These organisms may even survive for a certain duration on the skin, or 
equipment of healthcare workers without causing an infection to them, and 
then getting transferred again to another vulnerable patient, where the 
organism may actually cause an infection. This process is referred to as 
an indirect route of transmission from one patient to the other (Collins, 
2008). Table 2.4 shows us some examples of different modes of 
transmission of nosocomial infections documented in different healthcare 
environments around the world, most of which are through contact 
transmission. 
a) Contact transmission is the main and common transmission mode 
when it comes to nosocomial infections, it has two subdivisions which 
are direct and indirect contact. Direct contact is when there is a direct 
contact between two body surfaces, and this results in microorganism 
being transferred from one person to the other through touch. Indirect 
contact is when a microorganism is transferred between an object 
and a person, after it was previously in direct contact with a 
contaminated person (Lopez-Urrutia et al, 2018; Alipour et al, 2017). 
b) Airborne transmission happens when small airborne particles and 
dust particles are found stuck in the air for a prolonged duration, until 
they infect someone after being dispersed because of the air currents 
(Eames et al, 2009). 
c) Respiratory droplet transmission happens when the infectious agents 
are expelled during sneezing, talking or coughing into the air, land or 
directly unto another person and enters their system via contact with 
their nasal mucosa, mouth, or conjunctiva (Nicas and Sun, 2006). 
d) Vector transmission is when pathogens are transmitted from a 
population to a second population. A vector-borne disease being 
transmitted through the bite of a contaminated arthropod species, 
such as a mosquito is a good example of this transmission 
(Schorderet-Weber, 2017). 
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e) Common vehicle transmission occurs when there’s microorganisms 
transfer through contaminated things such as medication, water, 
food, medical equipment and medical devices (Jinadatha et al, 2017; 
Bicking Kinsey et al, 2017). 
Table 2.4 Examples of different transmission modes of nosocomial  
  microorganism in different healthcare environments. 
Transmission mode  Outbreak species, place and country Reference 
Patient to patient 
transmission 
Interfacility outbreak of 
extensively antibiotic-resistant 
Acinetobacter baumannii  
Buser et al. 
(2017) 
Transmission through 
Healthcare personnel 
KPC-3-Producing Enterobacter 
cloacae and Klebsiella 
pneumoniae at an academic burn 
centre in the United States (North 
Carolina) 
Kanamori et 
al. (2017) 
Patient transmission 
Carbapenemase-producing 
Enterobacteriaceae in three 
separate affiliated healthcare 
facilities 
O’Connor et 
al. (2016) 
Contaminated water Pseudomonas aeruginosa in a neonatal Intensive Care Unit 
Bicking 
Kinsey et al. 
(2017) 
Bronchoscope Pandrug-resistant Pseudomonas aeruginosa in a hospital 
Alipour et al. 
(2017) 
Fomites to hands of 
health care worker Influenza Virus 
Weinstein et 
al. (2003) 
Incubator 
Gentamicin-resistant, methicillin-
resistant Staphylococcus aureus 
at a neonatal unit at Ninewells 
Hospital, Dundee, UK 
Eldirdiri et al. 
(2018) 
Transmission from a 
single patient, 
ventilator, sink drains 
Carbapenem-resistant Klebsiella 
pneumoniae in a United States 
hospital 
Snitkin et al. 
(2012) 
Healthcare workers 
hands, Patient to 
patient, contaminated 
environment 
Vancomycin-resistant 
Enterococcus faecium in 
hematology and oncology 
departments 
Lopez-Urrutia 
et al. (2018) 
 21 
2.2 White Coats  
Different authors and practitioners have a similar way of describing the 
white coat, though they may have some differences regarding its use, 
fabric, symbol, or significance, etc. but overall concluding with a more or 
less similar description of the white coat, this has been compiled and 
demonstrated below by the researcher for more clarity on the subject. 
A white coat or laboratory coat is described as an overcoat or smock 
sometimes worn by laboratory and medical professionals, to protect their 
regular clothing underneath, and serve as uniforms (Priya et al, 2009). It is 
one of the personal protection equipment’s (PPE) to prevent 
contamination of skin and clothing of a health care professional from direct 
contact with infected saliva, blood, aerosols etc. which are unavoidable in 
hospital environment (Priya et al, 2009). It’s a legal ritual for clinicians to 
wear a white coat, however the problem rises on the different washing 
habits from each individual, as well as the different practices applied on 
their white coats (Trupti et al, 2016). 
Although white coats are commonly known to symbolize healing and hope; 
many concerns have been risen recently about the possibility of infectious 
microorganisms being spread in and outside the hospital through white 
coats (Priya et al, 2009; Banu et al, 2012; Qaday et al, 2015; Gupta et al, 
2016; Trupti et al, 2016; Akanbi et al, 2017). In many healthcare centres 
the transmission of infections from patients-to-patients, has been linked to 
the temporary storage of hidden pathogens in practitioners and students’ 
white coats and other materials, also linked to the different white coats 
cleaning habits from each practitioner (Chacko et al, 2003). Clinicians and 
students are often seen outside the clinic environments in places like 
libraries, supermarkets, canteens, as well as on the streets still wearing 
their white coats (Muhadi et al, 2007). Sometimes even just carrying them 
around outside, or hanging them in their offices and cars. This makes it 
more likely for them to pick up, transport, and transmit pathogenic and 
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non-pathogenic bacteria which can be transmitted from the hospital to the 
community and vice versa (Qaday et al, 2015). 
 Banu et al, (2012) reported that despite white coats being proven to now 
be carriers of potentially harmful microorganisms and play a role in the 
spread of pathogens, the white coat customarily still gives dignity and 
credibility to all those who work in the medical field. The author links the 
increased amount of bacterial contamination of the white coats to the two 
facts listed below: 
1. Due to the continuous physical interaction between medical 
professionals and patients, whom are known to constantly carry and 
spread pathogenic microorganisms around the hospital settings. 
2. Due to the survival rate of microorganisms on fabrics used to 
manufacture white coats, such as polyester and cotton. 
Microorganisms have been proven to survive between 10 to 98 
days on these materials (Chacko et al, 2003; Uneke and Ijeoma, 
2010). Table 2.5 shows a summary of studies done describing 
white coats and showing the contamination pattern on different 
fabrics. 
Fernandes (2015), carried out a study in India on nurses white coats, and 
stated that despite the rise on the importance of evidence based medicine, 
there’s still selective choosing of issues that we prefer over those that we 
don’t, like the one of health professionals white coats and its viability. This 
author described the white coat as a long sleeved coat called an apron, 
which historically was only used by laboratory scientists, until the late 
1900’s when doctors decided to also use them in order to restore their 
bruised reputation after scientists demonstrated that the majority of 
remedies used by doctors were completely ineffective. Fernandes studies 
also demonstrate that contamination on the nurses’ coats was directly 
influenced by the type of fabric on the white coat. Results show that the 
microbial load on the polyester fabric was found to be 60% lesser than that 
on the cotton blend fabric (Fernandes, 2015). 
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In India nurses still wear white coats on top of their uniforms, it serves as 
protection against external contaminations but for the patients it aids in 
identifying hospital staff and represents a sense of professionalism. 
However, there are differences in the appearance of the coat depending 
on where the nurses work. The coat is designed to fit on top of the uniform 
as a semi-fitted coat reaching the mid-thigh, it has two pockets in the 
abdominal region, a flat collar and maybe worn as a half, full or completely 
sleeveless coat depending on the nurse’s qualification. The nurses have 
the choice to either buy a 70% polyester + 30% cotton mixed fabric versus 
the 100% polyester fabric which is easier to wash (Gupta et al, 2016). 
As listed above, numerous studies show that white coats can act as 
potential reservoir for nosocomial pathogens (Neely et al, 2000; Chacko et 
al, 2003; Priya et al, 2009; Banu et al, 2012; Qaday et al, 2015; Gupta et 
al, 2016; Trupti et al, 2016; Akanbi et al, 2017), hence it is clear that the 
medical professional’s white coat can be considered as one of the main 
and regular contamination source for the spread of pathogens depending 
on the type of material, attitude, practices and habits.  
2.2.1 Qualified Practitioners vs Students White Coat Contamination 
There seem to be significant, if not huge discrepancies between the 
qualified doctors and students white coat contamination findings, which 
tends to bend more towards the students being more prone to pick up and 
transmit infections because of their laundry or cleaning habits, area that 
they carry their white coats and the gender of the students which 
ultimately leads back to cleaning habits. Hence this leads us to think that 
students white coat to be a concern when it comes to the spread of 
nosocomial infections, and perhaps become our main target or focus 
group. Below is a compilation of different studies demonstrating these 
differences.
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Table 2.5 A summary of studies describing white coats and showing the contamination pattern on different fabrics.  
Description Summary of study Reference 
A small study done in a hospital in India 
to establish if the type of fabric affects 
the prevalence of microbial 
contamination on nurses’ white coats 
In total, 10 polyester and 10 polyester cotton blend 
swatches were sampled, and all were found to be 
contaminated by bacteria similarly. 
Gupta et al. 
(2016) 
A study done by Chacko L on the 
Survival of nosocomial bacteria on 
hospital fabrics. In Kasturba Medical 
College, Mangalore, India. 
 
1cm2 swatches of cotton (clothing), 100% polyester, and 
60% cotton - 40% polyester (lab coat) were separately 
inoculated. All bacteria survived for a week or more. The 
extent of survival depended on the type of bacteria and 
fabric. They generally survived longer on cotton than the 
blended fabric, and survived shortest on 100% polyester. 
Chacko et al. 
(2003) 
Microbial survival was tested on the 
following common hospital materials: 
100% cotton clothing and towels, 60% 
cotton–40% polyester blends (scrub 
suits, lab coats), 100% polyester & 
polyethylene plastic. 
All bacteria tested survived for at least 1 day on all fabrics 
and plastic. Staphylococcal viability was longest on 
polyester (1 to 56 days) and on polyethylene plastic (22 to 
>90 days). In conclusion, data in this study indicates that 
bacteria can survive for days to months after drying on 
commonly used hospital fabrics and plastics. 
Neely et al. 
(2000) 
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Priya et al, (2009) reported that the frequency of laundering affected the 
degree of contamination between students and doctors.  66.7% of the 
faculty members, 63.2% of the graduate students and 80% of the interns 
considered their white coats as moderately clean versus the examiner’s 
lower findings of moderately white coats which were as follows 58.3%, 
68.4% and 45% respectively. This finding exposes that almost half of the 
interns white coats were not as clean as they may have perceived it. 
Reason why additional training for the students was necessary (Priya et al, 
2009). 
Banu et al, (2012) found about 10% of nosocomial infections in the tertiary 
care hospitals and medical college that they used for the study. All the 
medical students in the study freely used their white coats outside the 
hospital premises. 47 of the 65 white coats or 74.3% which belonged to 
the male students were contaminated, compared to the 22 of the 35 white 
coats or 62.8% which belonged to the female subjects. Which may 
suggest decreased cleaning or laundry frequency by the male students. 
Also, medical student staying in hostel had a total of 63.1% contaminated 
white coat compared to the home residing students who had 72.9%. All 
these students still wore their white coats even when it was not needed in 
different areas outside the hospital settings, such as canteens, libraries, 
and classes despite having an increased awareness regarding the white 
coats contamination (Banu et al, 2012). 
According to a study done by Qaday et al, (2015) doctors had less 
contaminated coats than students which might be due to the lack of 
experience of the students compared to the doctors. Because medical 
students don’t get any special training on the prevention of nosocomial 
infections. Therefore the presence of students in teaching hospitals may 
result in increased risks for nosocomial infections as the majority of the 
contaminated white coats were from the students (Qaday et al, 2015). 
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Trupti et al, (2016) reported that 61 out of 96 (63.54%) medical students’ 
white coats were contaminated. (56.25%) 54 out of 96 medical students in 
the study were males and 42 females made up the remaining (43.75%). 
The male students’ white coats contamination was a little higher than the 
females’ (64.28% vs 62.96%). So was the white coat contamination rate of 
students who lived in hostel slightly higher than those who stayed at home 
(Trupti et al, 2016). 
2.2.2 Long Sleeved Vs Short Sleeved White Coat 
A long-sleeved white coat is part of tradition when it comes to a doctor’s 
outfit, despite many studies showing that white coats can be contaminated 
by nosocomial infections and act as a reservoir for harmful 
microorganisms. Even though there aren’t many studies demonstrating 
that they could be a decrease in pathogen transmission by wearing a short 
sleeved coat, it is still evident that there could be a spread of pathogens 
on contaminated long sleeves (Munoz-Price et al, 2012; John et al, 2018). 
Loh et al, (2000) reported that they found the sleeves and pockets to be 
the sites were the highest contamination occurred on the students’ white 
coat. And this maybe because the sleeve of the coat is the part that mostly 
comes in contact with patients during an examination. Also because of the 
transfer of bacteria from hands to the sleeves and the other way around. 
They concluded by suggesting that we could reduce the risk of 
contamination by providing short sleeved coats for students, which will 
allow them to properly wash their hands. 
In a study done in the United States (Florida), 119 health care workers 
white coats were cultured, showing a link and differences between the 
contamination of their hands, white coats, and scrubs. The result found 
was that less organisms were found on scrubs, but the majority of 
organisms found were on the participants’ dominant hand skin flora which 
positively correlated with the contamination on the participants white 
coats, but not between hands and scrubs (Munoz-Price et al, 2012). This 
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simply demonstrates that long white coats which are in a closer proximity 
to the hands are more likely going to be contaminated compared to scrubs 
which are not in a closer proximity to the hands. 
In 2007 a “bare below the elbows” dress code policy was applied in the 
United Kingdom suggesting that short sleeved clothing must be worn with 
no jewelry or wristwatch by all professionals. The United States hasn’t 
extensively adopted this policy, but have been advised by experts from the 
society for Healthcare Epidemiology of America to adopt the “bare below 
the elbows” policy in medical establishments due to the low probability of 
harm and the high biological likelihood (Jacob, 2007). 
To test the hypothesis that the spread of pathogens was least likely to 
occur when workers wore short- versus long-sleeved coats, a randomized, 
crossover trial was done using simulated patient care interactions. The 
following results were obtained during the simulated examinations, there 
was 77% and 68% of contact of the long sleeved white coats on the first 
and second mannequin respectively out of 34 simulations. Irrespective of 
whether the short or long sleeved coat was worn, there was significant 
contamination of the DNA marker on the participants’ wrists and/or 
sleeves (John et al, 2018).  
There was some limitations to this study, hence additional studies are 
needed to better understand this topic. This study shows us that 
contamination will occur at the practitioners extremities irrespective of 
clothing protection or not. And so we could thoroughly wash our hands 
after every patient, but can’t wash our long coat sleeves after every 
examination. 
2.2.3 Chiropractic Intern White Coat 
The white coat worn by the chiropractic interns at the University of 
Johannesburg training clinic in their 5th year of study or 1st year of 
internship, is also required to be worn in their 6th and 7th year of studies if 
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the student is still completing their internship. The coat is a short sleeved 
white coat, semi fitted overcoat that reaches the mid-thigh section, it’s 
designed to fit on top of a shirt or t-shirt, it has a flat collar, a top pocket on 
the left hand side of the thoracic area, two pockets on each side of the 
abdominal region, and five round plastic buttons down from the central 
thoracic and abdominal regions as shown on Figure 2.1. 
The type of fabric depends on the supplier that the intern has chosen to 
buy from, the fabric choices range from a 100% cotton, 100% polyester, or 
a 70% polyester + 30% cotton mixed fabric. 
 
Figure 2.1 A photo of a Chiropractic Intern White Coat   
2.3 Chiropractic 
2.3.1 Chiropractic profession 
Chiropractic is an alternative healthcare profession which mainly focuses 
on the treatment of neuromusculoskeletal conditions, and is now 
frequently considered as the treatment of choice for most patients and 
makes up a big section of healthcare in some countries (Astin et al, 2000).  
In countries like Switzerland, Chiropractic is integrated as part of their 
health professions and hospital settings, but currently in South Africa 
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Chiropractic registers under the allied health profession council. This is 
expected to change very soon, the addition of chiropractic in the 
mainstream health care systems and hospitals is not far off due to the 
services offered by chiropractors and the recognition over the years 
thereof as one of the top primary professionals to go visit when in need of 
a neuromusculoskeletal treatment (Brown, 2012). In order for these 
changes to occur, high standards, safe and proper hygiene practices are 
demanded from chiropractors to help avoid the spread of nosocomial 
pathogens.  
A standard Chiropractic session includes a diagnosis, treatment, and 
patient education to decrease the effect of the disorder and prevent its 
reoccurrence. Although the chiropractic profession is often only linked to 
its use of manual techniques such as the manipulation of the joint 
(Chapman-Smith, 2008). 
In summary, Chiropractic is a hands-on based healthcare profession, 
which over the years has grown greatly in popularity in terms of providing 
conservative care services. Chiropractors treat a wide range of 
musculoskeletal conditions such as neck, back and extremity conditions, 
using spinal manipulation and other modalities to influence the nervous 
system with input from the direct contact on the patients’ uncovered skin at 
different spinal column levels and other joints (Evans et al, 2009).  
This exposure of the patient’s skin and the direct interaction with the 
practitioner’s hands and garments, may result in the transmission of 
pathogens from the chiropractor to the patient or vice versa. This creates 
the problem that the white coats can become a source of contamination in 
the chiropractic profession and the reason for this study. 
2.3.2 History and status of the Chiropractic profession 
The profession was founded in 1895 by a magnetic healer named Daniel 
David Palmer who lived in Lowa, after performing a neck manipulation on 
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a janitor who according to the claim was cured of deafness (Villanueva-
Russell, 2005). This theory suggests that a disease (dysfunction of tissue) 
may directly be caused by a “subluxated joint” or slightly displaced 
vertebrae, which can be corrected through the use of a manual 
chiropractic adjustments (Brosnan, 2015). Some of the main Chiropractic 
notions are based from a vitalistic philosophy, for example DD Palmer 
described subluxations as blockages to the body’s innate ability to keep 
healthy, and that this ability could be restored through a chiropractic 
adjustment (Villanueva-Russell, 2005). 
During the twentieth century, there was a steady and progressive spread 
of the profession in other countries outside the American continent, such 
as Australia and the UK where it has been established successfully. 
(Villanueva-Russell, 2011). The profession achieved the legal registration 
status in the early 1990’s after establishing degree programs for 
accredited training in major private and public universities in these 
countries, as well as access to private health funds. Many practitioners 
considered this to be a monumental milestone for the chiropractic 
professional status. Briefly after that, there was some public attack on 
chiropractic’s place at universities in these countries by other medical 
professionals, claiming that it was not evidence based (Brosnan, 2015). 
2.4 Attitudes and practices of interns/students regarding white 
coat washing habits 
Hygiene behaviour is the use of regular practices and behaviours 
associated with the prevention of infection transmission (Nicolle, 2007).  
The best way to prevent the spread of infectious diseases and to protect 
people against exposure from viral, fungal and bacterial infections, through 
the strict observance and practice of the correct hygiene behaviours. 
Proper hygiene behaviours stops the transmission of infectious 
microorganisms, both in the healthcare settings and in the community 
(Burnett, 2009). A poor understanding and compliance to hygiene is one of 
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the important behavioural risk factors adding to the global concern of 
diseases (Dorri et al, 2009). 
Priya et al, (2009) reported that there are obvious differences between 
male and female professionals in terms of exchanging and washing habits 
of their white coats. In the study with almost equal gender distribution of 
participants 5.9% indicated that they do share white coats whilst 73.2% of 
graduate students and 66.7% of faculty members self-graded the 
cleanness of their white coats as moderately clean. The majority of the 
graduate students (73.7%) and faculty members (83.3%) indicated that 
they washed their white coats every week. However, the percentage of 
moderately clean white coats decreased when the researchers graded the 
cleanness of the white coats. This shows that there is inconsistency, and 
differences in the habits, attitudes and practices of healthcare 
professionals regarding the maintenance of their white coats, which could 
possibly result in acquiring and directly or indirectly transmitting 
nosocomial pathogens. 
Davidson, et al (2017), carried out a study, in which the goal was to 
examine the attitude of dental health care workers regarding the 
contamination of their clinic uniform and to make them aware of the 
amount and type of bacteria they may unconsciously be taking back home 
to their families after treating patients.  97% of the participants were aware 
of the possibility but didn’t necessarily apply practices that would prevent 
cross-contamination to the environment. The study also demonstrated why 
it is important to utilize an in-house laundry service within the facility in 
order to avoid cross contamination, and suggested measures such as 
washing clinic clothing with hot water and bleach for more effective 
decontamination or even just changing out of clinic clothing immediately 
after work (Davidson et al, 2017). 
This study was done to expose an untapped source of infection which 
might have been neglected or ignored due to the nature of the source, the 
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perceptions, attitudes and practices of those involved towards the source 
(white Coats). Hence, it was done to further understand how, where and 
when the correct personal and surface hygiene practices could be applied 
in order to have effectively combat the potential spread of microbial 
pathogens in a chiropractic clinic. 
CHAPTER 3 - METHODOLOGY 
3.1 Introduction 
This chapter describes the objective and subjective measurements, the 
statistical analysis, and how data was collected in the study. 
3.1.1 Study design 
This was an exploratory mixed method study using a short survey, surface 
sample collection and statistical analysis of bacteria and fungi for objective 
data. 
3.1.2 Sample population 
All registered chiropractic interns at the University of Johannesburg in their 
1st-3rd year of clinical training (n=71) including the researcher, were 
invited to participate in the study and asked to complete a short survey 
and allow sampling of their white coats. The survey was issued to every 
student who agreed to participate anonymously during clinic hours. Prior 
to their participation, they were informed that the participation was 
voluntary and that participating or not participating would not affect their 
relationship with the University in any way (Appendix A), all the 
participants were required to sign the consent forms (Appendix A and B), 
and were informed that the study posed no danger in accordance with the 
Helsinki Declaration (The World Medical Association, Inc., 2013). 
3.1.3 Inclusion criteria 
Due to the nature and specify of the study, only registered chiropractic 
interns at the University of Johannesburg in their 1st-3rd year of clinical 
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training, who had a previously used white clinic coat similar to the one 
attached in appendix D was included in the study. 
 
 
 
3.1.4 Exclusion criteria 
Any registered intern who didn’t have a white clinic coat similar to the one 
attached in appendix D, or deregistered interns were not included in the 
study. 
3.2 Survey 
Subjective data was obtained from interns, in the form of a survey 
(Appendix C). It was explained and issued to every intern who was willing 
to participate in the study and could be completed within 2 to 5 minutes on 
the day of the sampling.  
3.2.1 Survey Design 
A combination of the surveys used in previous studies by Banu et al, 
(2012) and Priya et al, (2009) was used. The survey was used to assess 
the participants’ perceptions and practices towards the handling and 
cleaning of white coats (Appendix C). The survey contained 16 questions 
on two pages enquiring information on demographics (3 items), location 
and frequency of usage of white coat (5 items), attitudes toward white coat 
(4 items), and current cleaning and disinfection habits (3 items), along with 
one open-ended question about the exchange practices. Descriptive 
statistics were used to report the respondents’ demographic information 
and individual survey item responses.  
3.3 Sampling approach 
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Figure 3.1 show a flow diagram to provide a clear understanding of the 
methodology. 
3.3.1 White Coat Sampling 
The Count-Tact® 20PLT™ contact plates (bioMérieux, France), was used 
to sample all (n=71) chiropractic white coats of the interns in their 1st-3rd 
year of clinical training at the University of Johannesburg training clinic. 
Duplicate samples were collected from the top of the pocket of the 
dominant hand side, sampling the top of the pocket and surface above the 
pocket, as well as between the second and third buttons, and the fourth 
and fifth buttons from the top of the coat (Figure 3.2). 
 
Figure 3.1 Methodology followed during the study. 
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Figure 3.2 Areas sampled on the clinic white coats. 
3.3.2 Sampling Equipment – Count-Tact® range 
The bioMérieux Count-Tact® 20PLT™ contact plates was used according 
to manufacturer’s instruction. The monitoring of bacterial contamination in 
hospital and industrial environments is the reason why these plates were 
developed. Due to its design, the 20PLT™ contact plates are proven to be 
a valid and reliable method of testing for the contamination of microbes. 
The convex meniscus allows for direct application to the test surface for 
hygiene monitoring. Each plate has a diameter of 65 mm and a grid 
scored on the base for easy colony counting.  
3.3.3 Sample collection 
The white clinic coats were sampled by systemically pressing the 20PLT™ 
contact plates over the 3 specific areas on the white coat for 10 seconds 
as shown in Figure 3.3.  
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Figure 3.3 Bacteria and fungi samples being collected systemically, by 
pressing the 20PLT™ contact plates over specific areas. 
 
 
Duplicate samples were collected from (1) the top of the pocket of the 
dominant hand side (n=142), (2) between the second and third buttons 
from the top of the coat (n=142), and (3) between the fourth and fifth 
buttons from the top of the coat (n=142). One sample of each set was 
incubated for 24–48 hours at 30°C (for bacteria) and the second sample 
was incubated for 2–7 days at 22°C (for fungi). Colonies per plate (25cm2) 
were counted and the results in colony forming unit (CFU) per cm2 were 
reported.  
3.3.4 Bacteria and Fungi Isolation 
Bacterial isolates that were of concern were plated onto sheep blood agar 
plates for characterization. They were then further characterized using the 
VITEK® 2 Compact (bioMérieux, Inc.), using the methods and 
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consumables specified by the manufacturer. Fungal isolates where sent to 
Inqaba for identification using sequencing of the nuclear ribosomal internal 
transcribed spacer (ITS) region and sequences compared to other know 
sequences using a BLAST search Identification. 
3.4 Ethical considerations  
All aspects of the study were conducted in accordance to the Declaration 
of Helsinki and conformed to international ethical standards. An ethical 
approval was obtained from the Higher Degrees Committee: HDC-01-45-
2018 (Appendix E) and Research Ethics Committee: REC-241112-035  
(Appendix F) from the Faculty of Health Sciences, University of 
Johannesburg on the 1st of August 2018; while the Director of the UJ 
Doornfontein campus Health Training Centre, Dr. Pieter Els, issued the 
administrative clearance. The information form (Appendix A) and consent 
form (Appendix B) outlined the researchers details, the nature and 
purpose of the study, as well as participant confidentiality and voluntarism 
regarding involvement in the survey.  
This dissertation was submitted via anti-plagiarism software, Turnitin, and 
found to be within acceptable required levels (Appendix G).  
3.5 Data analysis 
All data from the samples collected on the chiropractic white coats and 
survey were sent to STATKON and entered into an IBM SPSS 23.0 
database. Before statistical analysis, the data set was reviewed and 
cleaned by Ms. Juliana Van Staden, the project biostatistician. 
The microbiology data (bacterial and fungal counts) from the sample 
analysis were entered into Microsoft Excel sheets. Statistical analysis was 
conducted in IBM SPSS Statistics v 25 by STATKON. Analysis 
parameters was used to describe the attitudes and practices of 
participants related to white coats hygiene habits and disinfection, 
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including Chi-squared tests, non-parametric methods of analysis such as 
the Mann-Whitney Test, geometric mean/standard deviation, Poisson 
regression and matched Wilcox Test as described by Exley, Cumming & 
Ensink (2015). The hypothesis was tested with descriptive statistics, non-
parametric testing. This method was used due to the relative skewness by 
the influence of outliers amongst the data. For this reason, the mean and 
interquartile range is used as the measure of central tendency and 
variability respectively. Data was considered statistically significant when 
(p-value < 0.05). More analysis parameters will be investigated and 
included if needed. 
 
 
 
 
 
 
CHAPTER 4 – RESULTS AND DISCUSSION 
4.1  Introduction 
This chapter presents the findings, analysis of the data, compares and 
discusses the subjective data (students’ attitudes and practices) and 
objective data (bacterial and fungal contamination) collected by the 
researcher, to better understand the microbial load on chiropractic interns’ 
white coat at the University of Johannesburg chiropractic training clinic. 
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Selected sections of the subjective data collected from the survey will be 
presented due to its relevance and relatability to the objective data. The 
objective data comprises of the microbial and fungal load on the interns’ 
white coats, as well as the classification of some isolated pathogens. 
4.2  Subjective Data analysis 
4.2.1 Social Demographic Characteristics of Participants 
At the start of the year, a total of 71 chiropractic interns were practicing at 
the University of Johannesburg chiropractic-training clinic. These students 
working hours are distributed in a two shift system, the 2nd and 3rd year 
interns work the morning shift from Monday to Friday from 7:30am and 
then the 1st year interns take over from 12:30 for the afternoon shift. The 
number of interns practicing (n=71) was altered by the numbers of the 3rd 
year interns graduating in different times throughout the year. This meant 
that 3 interns (4%) were excluded from the study, therefore only a total of 
68 interns’ views (96%) were included in the results analysis and were 
screened for the study.  
Out of the 68 participants, 69% of the interns were female and 31% were 
male participants, as demonstrated in the pie chart in Figure 4.1 (top left). 
In terms of internship level, 50% of the participants were in their 1st year of 
clinical training, while 48% were in their second year and only 1% in their 
third year of clinical training (Figure 4.1 top right). The right hand was the 
most dominant hand in the study population (Figure 4.1 bottom left) with 
94% of these students were right hand dominant while about only 6% 
were left hand dominant. About 96% of these interns stayed at home and 
4% in hostel (Figure 4.1 bottom right). 
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Figure 4.1 Study population demographics for gender (top left), 
internship year (top right), dominant had (bottom left) and place of 
residence (bottom right). 
As seen through the figures above, the overall response rate of 
participants regarding their social demographic characteristics from the 
survey, shows that the majority of the participants were females, were in 
their first year of studies, were right hand dominant and lived at home. 
4.2.2 Attitudes and Practices 
 41 
Table 4.1 shows the results of the student survey relevant to the attitudes 
and practices, and the current cleaning and disinfection habits of the 
interns on white coats. 
Table 4.1 Summary of the results obtained from the survey regarding 
the interns’ attitudes and practices, and their current cleaning and 
disinfection habits of the white coats. 
Variable Response Percentage 
Number of students 68 100% 
Main reason for wearing a white coat 
Protection 3 4% 
Warmth 0 0% 
Appearance 18 26% 
Requirements 47 69% 
Pockets 0 0% 
White coat mode of transportation    
Cover 2 3% 
Bag 11 16% 
Hands 49 72% 
Shoulder 6 9% 
Location of white coat usage  
Clinic only 56 82% 
Clinic and Campus 8 12% 
Clinic, campus and outside campus 4 6% 
Last time white coat was washed/disinfected  
3 days or less 36 53% 
1 week 25 37% 
2-4 weeks 7 10% 
1 month or more 0 0% 
Routine/habitual frequency of washing/disinfection 
3 days or less 26 38% 
1 week 27 40% 
2-4 weeks 13 19% 
1 month or more 2 3% 
 
Table 4.1 continued Summary of the results obtained from the 
survey regarding the interns’ attitudes and practices, and their current 
cleaning and disinfection habits of the white coats. 
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Variable Response Percentage 
Number of students 68 100% 
Cleaning/Disinfection Location 
At Home 67 99% 
Public Laundry 1 1% 
Perception of unstained white coat as clean 
Yes 28 41% 
No 40 59% 
Perception of white coat as clean if collar and pockets are clean 
Yes 30 44% 
No 38 56% 
Perception of white coat as potentially contaminated even when stainless 
Yes 53 78% 
No 15 22% 
Perception of white coat as a potential vector for bacteria 
Yes 62 91% 
No 6 9% 
White coat exchange habits 
Yes 42 62% 
No 26 38% 
*Originally Likert-style questions, these variables were dichotomized as “yes” 
and “no”; “at home” and “in hostel”; and quadchotomized as “days’’, ‘‘Weeks,’’ 
“2-4weeks”, or ‘‘1 month or more”; ‘‘Cover”, “bag”, “hands” or “shoulders” 
Table 4.1 clearly highlights the attitudes, perceptions and habits of the 
majority of the interns at the University of Johannesburg chiropractic 
training clinic. According to the results, 69% of the interns wear their white 
coats because it is one of clinic requirement for interns, in order for them 
to treat patients, 26% wear theirs to appear professional, and sadly only 
4% wore theirs for the intended use, which is for the protection of the 
underlying clothing and ultimately the human integument. These findings 
tell us that the majority of interns who wear white coat do not understand 
the actual use or need of the apparel, hence may have limited knowledge, 
outlook, perception, and attitude towards it. 
Regarding the cleanliness or hygienic practices of white coats, we found 
that 72% of interns carry their white coats in their hands from their cars or 
elsewhere to the clinic, 16% carry it in a bag, 9% on their shoulders and 
only 3% carry it in a cover to the clinic. This gives us a total of only 19% of 
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covered white coats while transported into the clinic, increasing the 
chances of potential acquiring one or more microorganism on the go. 
The first satisfactory result in terms of the correct attitude and hygiene 
practices for white coats as per the studies done by Qaday et al, (2015) 
and Banu et al, (2012), indicated that 82% of interns wore theirs in clinic 
only, 12% wore their in clinic and around campus, and only 6% wore theirs 
in clinic, on campus, and outside the university, which may be as a result 
of not being informed or aware of the potential dangers that come with that 
practice. It was positive to see that only a decrease percentage of interns 
wore their white coat outside the clinic, and even less wore it outside the 
university. This issue may be solved by raising the awareness of the 
dangers of transporting your white coat incorrectly and wearing them at 
the wrong places, as well as by having an in house laundry system on top 
of lockers to store the white coats, which will prevent interns from taking 
their coats home on them for cleaning, etc. 
The study found that 53% of the white coats worn on the day of the 
experiment were washed at least 3 days before the sampling, 37% were 
washed a week ago or less, and only 10% were washed between two to 
four weeks, indicating that at least 90% of the white coats worn and tested 
on the day were washed a week ago or less. 
Forty percent of the interns reported to wash their white coat on a weekly 
basis as part of their routine, 38% on a 3 days or less basis, 19% wash 
theirs every 2-4 weeks and a small but still shocking 3%, claim to wash 
theirs on a monthly or more basis. This means that a total of 78% of the 
interns wash their white coats at the correct time intervals as described by  
Priya et al, (2009). Figure 4.2 is a column chart that gives a good 
comparison between the interns’ white coat washing frequency and 
routine compared to the last time they washed the white coat on they were 
wearing on the day of the sampling, to show the similarities and the 
discrepancy in their cleaning habits. In terms of statistical comparison of 
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data between males and females, and their washing frequency, a Pearson 
Chi square test indicated that there was no statistical significance 
difference between males and females (p= 0.183). However, the Pearson 
Chi square test indicated a statistical significance for similarities, when 
comparing responses between the last time the white coat was washed vs 
the frequency of washing (p= 0.000). The Kruskal Wallis test indicated no 
significant statistical difference when comparing the responses of when 
last the white coat was washed vs the bacterial load found on the coats 
(p= 0.306). 
 
Figure 4.2 Comparison in percentage between the interns’ white coat 
washing frequency vs the last time washed. 
In terms of where the coats were cleaned, 99% of the interns claimed to 
clean their white coats at home, and only 1% used a public laundry service 
to clean their coats. Again this tells us that 99% of the interns probably 
wash their white coats using conventional machines, with the incorrect 
safety or hygienic indications, such as the temperature of the water used, 
hence not getting rid of all organisms on the coats and potentially cross 
contaminating their families who share those machines with them. 
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There was desirable results from the interns in terms of their perceptions 
on cleanliness, as 59% didn’t consider their white coats as clean even 
when there was no observable dirt, however 41% had the opposite belief. 
In terms of statistical comparison of data between males and females on 
their perceptions of white coat as clean if it has no stains, a Pearson Chi 
square test indicated that there was no statistical significance difference 
between males and females perceptions (p= 0.210), and no statistical 
significance difference between males and females on their perceptions 
on white coats being considered as contaminated with or without stains 
(p= 0.301). We went further and asked if they judged the cleanliness of 
their white coats based on clean pockets and collars, and again the 
majority (56%) didn’t use this as a criteria to judge the cleanliness of their 
white coats, whilst 44% agreed to this as an indicator of a clean white 
coat. Furthermore, 78% of interns considered their white coats to be 
potentially contaminated or carrying microorganisms even when there was 
no observable dirt, whilst 22% didn’t perceive that.  
A huge majority of the interns (91%) believed that their white coats may 
serve as potential vectors or carriers of pathogens, and 9% did not share 
the same belief. And finally, 62% of interns admitted to have used or given 
someone else their white coat before for an emergency usage and 38% 
claim the opposite, thus confirming the concrete existence of white coat 
exchange practices amongst the interns. A Mann-Whitney U-Test 
indicated a statistical significant difference in fungal results of those who 
exchanged white coats vs those who did not, but no significant difference 
for bacteria (bacterial p= 0.085 and fungal p= 0.020). Figure 4.3 
demonstrates a good comparison of the interns’ perceptions on white coat 
hygiene and practices. 
 46 
 
Figure 4.3 Comparison in percentage between the interns’ perception of 
a clean white coat when stainless vs when collars and pockets are clean, 
vs potential contamination when stainless vs potential carrier vs exchange 
habits.  
4.3  Objective Data Analysis 
A total of 408 samples were taken to test for the presence of bacteria and 
fungi. All bacteria and fungi plates had some form of growth on them, 
ranging from as little as one very small growth on a plate to hundreds of 
growth on one plate. Further analysis and identification were done for 
bacterial samples, and the majority of the isolates were Gram-positive 
bacteria followed by Gram-negative Bacteria. 
Results from the surface sampling shows that surfaces of the white coat 
that make contact with the patients’ body and/or the interns’ hands, do 
harbor microorganisms (Table 4.2). We should assume that the patients’ 
collective flora may have been deposited on these surfaces, simply 
because these samples were collected at the end of the day. 
4.3.1 The microbial loads found on the intern’s white coats 
In a study done by Nordstrom et al, (2009) it was found that unwashed 
scrubs bacterial count had a geometric mean of 85CFU/cm2, followed by 
home laundered scrubs with a geometric mean of 16CFU/cm2, meanwhile 
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hospital laundered scrubs had a geometric mean of 2CFU/cm2. In a more 
recent study done by Nordstrom et al, (2012) to demonstrate the relative 
cleanliness of scrubs, they found the average bacteria count on hospital 
laundered scrubs to be 4CFU/cm2, which correlates with the studies done 
by Dancer et al, (2004) and Claro et al, (2015) indicating that the mean 
aerobic colony from all surfaces in a clinic should be below 5CFU/cm2.   
The mean or average colony from the interns’ white coat was higher than 
the geometric mean of home laundered scrubs, as well as the average 
bacteria count on the hospital laundered scrubs in Nordstrom’s research, 
with the average bacteria count here being 28CFU/cm2, and the average 
fungal count being 12CFU/cm2.  
Table 4.2 Mean microbial load of the different surfaces/areas sampled 
on the white coats. 
Sampling 
point 
Bacterial counts Fungal counts 
Average  
CFU/cm2 (SD) 
Range 
CFU/cm2 
Average 
CFU/cm2 (SD) 
Range 
CFU/cm2 
Point A 26.81(46.366) 1-299 11.16(7.036) 2-32 
Point B 32.29(32.207) 1-150 12.87(8.325) 2-48 
Point C 28.72(23.553) 1-108 11.16(8.112) 1-40 
p-value 0.017 0.133 
Table 4.2 shows the average number of colony-forming units (CFU)/cm2 
found on each of the sampled surfaces. Both bacterial and fungal CFU 
that were found on all 3 sampled surfaces. The highest average bacterial 
colony count on the interns’ white coat was found on point B 
(±32CFU/cm2) between the fourth and fifth buttons of the coat counting 
from the top of the coat, followed by point C (±29CFU/cm2) the top of the 
pocket on the dominant hand side and the surface above that pocket, and 
finally point A (±27CFU/cm2) between the second and third buttons, per 
area tested with the contact plate, hence 25cm2. The highest average 
fungal colony count was also found on point B (±13CFU/cm2), followed by 
both point A and C with an equal mean value of (±11CFU/cm2). 
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The Friedman test indicated significant statistical differences for the 
bacterial loads between the three different areas tested but no differences 
for the fungal loads (p=0.017), and (p=0.133). The bottom surface (point 
B) had the highest average mean microbial counts for both bacteria and 
fungi, this can be explained by a proximity theory, as this is usually the 
part of the coat closest to the patient’s body when the practitioner treats 
from the top or bottom part of the bed. The bottom surface was closely 
followed by the middle surface/the pocket area (point C), which may also 
be explained by proximity, as it was the second closest surface to the 
patient’s body when the patient is laying on the bed, but may also be 
primarily due to the transfer from contaminated hands and objects 
regularly placed in the pockets, proving why the correct interpatient hand 
hygiene protocol is necessary. Thus, leaving us with the top surface (point 
A), as the point with the lowest microbial concentration in both bacteria 
and fungi, although the fungi count was very similar to point C, this again 
may be explained through the proximity theory, since point C is usually the 
furthest surface away from the patient’s body when the practitioner treats 
a patient who is laying on a bed, and due to the absence or decreased 
influence of the practitioner’s hands on that surface.  
When comparing the microbial and fungal loads of the different surfaces 
(Table 4.3), there were some significant statistical observation between 
the three different points, between the first and second years, The Mann- 
Whitney U test demonstrated no significant statistical difference in both 
bacterial and fungal results of males and females, bacteria (p= 0.832) and 
fungi (p=0.715); but there was a difference of the three different points on 
the lab coats for bacteria but not fungi, bacteria (p= 0.017) and fungi (p= 
0.133); and between the first and second years for bacteria but  not fungi, 
bacteria (p= 0.094) and fungi (p= 0.318).  
These results suggest that there are differences of microbial 
contamination on the different parts of the white coat, and this may be 
explained by an increased median values, Interquartile values and the 
 49 
microbial count found on highly touched surfaces. Which in this case 
would be point B (lower section of coat) and point C (pockets), indicating 
hands hygiene contamination. 
Table 4.3 Non parametric analysis comparing statistical differences in 
bacterial and fungal loads of the various variables on the interns’ white 
coats samples. 
 Sampling point Gender Internship year 
 
A B C Males Females 1st  2nd  
Bacteria 
Median 
(CFU/cm2) 
13 23 21.50 61 65 56.50 66 
Range  1-299 1-150 1-108 7-421 8-501 8-147 17-501 
25th Percentile  6 12 12 NA NA NA NA 
75th 
Percentile 
25.25 37 38.50 NA NA NA NA 
Interquartile 
Range (IQR) 
19 25 27 101 69 72 95 
p value 0.017 0.832 0.094 
Fungi 
Median 
(CFU/cm2) 
10 11 10 36 32 31.50 39 
Range  2-32 2-48 1-40 10-67 7-77 7-77 10-75 
25th Percentile  6 7 4.25 NA NA NA NA 
75th 
Percentile 
14 18 13.75 NA NA NA NA 
Interquartile 
Range (IQR) 
8 11 10 27 23 22 25 
p value 0.133 0.715 0.318 
Further difference were between the first and second years, where the 
second years had a much higher rate of contamination than the first years, 
which could be due to the increased number of patients second year 
interns see daily. It could also be linked accumulation over the months, or 
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even due to their familiarity with the clinic cleaning protocols and routines, 
and thereof the lack of cooperation or indifference when it comes to 
following these rules. However, there was no significant differences of 
both bacteria and fungi between males and females across the years, and 
this may indicate and confirm the similarity in practices, and the role that 
the frequency or number of patients plays on contamination.  
These results suggest that microbial contamination on a white coat will 
commonly take place on surfaces within the closest proximity or most in 
contact with the patients, as well as most in contact with the practitioner’s 
hands, which will be the pockets and the bottom surface of the coat.  This 
is consistent with previous studies (Banu et al, 2012; Mwamungule et al, 
2015; Qaday et al, 2015; Perdijk et al, 2017), concluding that the main 
source of bacteria is from the patients’ integument and the practitioner’s 
hands, and that of the fungi is from the natural migration of fungal spores 
on the clothes and shoes of people. 
 
4.3.2 Types of pathogens identified on the white coats 
As discovered in previous studies, the bulk of the isolated microorganisms 
found in this research, represent the normal or regular human microflora, 
which are abundant in numbers and commonly picked up during testing 
(Qaday et al, 2015; Hefzy et al, 2016; Gupta et al, 2017; Perdjik et al, 
2017). The human body is colonized by a wide variety of bacteria (Lloyd-
Price et al, 2016) that do not cause any harm to the host, although often 
they do benefit from the host for survival. In healthy individuals, these 
bacteria are often located and restricted to the gastrointestinal tract, 
respiratory tract, vagina, and skin (Ribet and Cossart, 2015).  
Although the isolation method used to identify pathogens in this study was 
extremely sensitive for both bacteria and fungi, only a small range of 
potential pathogens were identified in the study, in which the majority were 
pathogenic and nonpathogenic Gram-positive bacteria (Table 4.4). Table 
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4.4 also contains a summary of some relevant literature regarding the 
pathogens identified on the chiropractic interns’ white coats, and their 
clinical significance.  
The results of the surface sampling, proves that the chiropractic intern 
white coats are indeed potential reservoir for bacteria such as; Bacillus 
cereus, Staphylococcus aureus, Koc. kristinae, Koc. rosea, 
Microbacterium sp., Microbacterium schleiferi, Curtobacterium sp., 
Alcaligenes faecalis, Curtobacterium flaccumfaciens, and Enterobacter 
cloacae, these findings are consistent with other studies ((Uneke and 
Ijeoma, 2010; Wiener-Well et al, 2011; Qaday et al, 2015; Gupta et al, 
2017). As well as reservoir for fungi such as; Aspergillus niger (Garcia-
Cruz et al, 2012). 
Results from the surface sampling of the chiropractic interns’ white coat, 
demonstrated that they are indeed potential reservoirs for bacteria such 
as; Enterobacter cloacae, Bacillus cereus, Staphylococcus aureus and 
many others, which correlates with previous findings done on other 
students’ white coats in teaching hospitals (Banu et al, 2012; Fernandes et 
al, 2012; Mwamungule et al, 2015). As well as potential reservoirs for fungi 
such as; Aspergillus niger. 
The majority of these species are nonpathogenic Gram-positive bacteria, 
which are normally not harmful but can also be opportunistic pathogens 
responsible for a variety of infections in immunocompromised individuals, 
spread through either direct or indirect contact. Table 4.4 has a selection 
of relevant literature summarized pertaining to the pathogens isolated on 
the chiropractic interns’ white coats and their clinical significance. 
a. Fungi  
The results of the chiropractic interns’ white coat surface sampling 
demonstrated the presence of Aspergillus niger fungal colony.  
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Aspergillus species are a big and primary parts of saprophytes, which are 
normally found in fungal communities of both indoor and outdoor settings. 
They are part of the standard and regular things that make up organic 
debris, but can be life-threatening in patients with weakened or 
compromised immune systems (Barton, 2013).  
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Table 4.4 Transmission, isolation source and clinical significance of the selected Gram-positive Bacteria and fungi Isolated 
from the interns white coat. 
Causative agent Mode of Transmission Diseases and clinical features Reference 
Bacteria 
Enterobacter cloacae Direct or indirect contact of 
mucosal surfaces 
(contaminated hands, food or 
objects) 
Part of the normal flora of the GIT, 
opportunistic  nosocomial pathogen 
responsible for a variety of infections, such as 
catheter urinary tract infections (CAUTIs) and 
lower respiratory tract infections 
Kanemitsu et al. (2007) 
Liu et al. (2018) 
Microbacterium sp 
Microbacterium schleiferi 
Indirect contact (Fomite) Bacteremia, Skin Infection Ko et al. (2007) 
 Tsuzukibashi et al. (2015)  
Curtobacterium sp. 
Curtobacterium 
flaccumfaciens 
Direct/Indirect Contact 
(Fomite)/(Airborne) 
Bacteremia: commonly found in plants 
 
Nautiyal et al. (2007) 
Huang et al. (2007) 
Kocuria rosea 
Kocuria kristinae 
Direct/ Indirect contact with 
contaminated objects and/or 
surfaces. Inhalation of 
contaminated droplets 
Peritonitis, Brain abscess, Meningitis, Urinary 
Tract Infection,  Cholecystitis 
Domont et al. (2014) 
Sohn et al. (2015) 
Kandi et al. (2016) 
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Table 4.4 continued Transmission, isolation source and clinical significance of the selected Gram-positive Bacteria and 
fungi Isolated from the interns white coat. 
 
Causative agent Mode of Transmission Diseases and clinical features Reference 
Alcaligenes faecalis Direct contact from clinical 
objects and contaminated 
material such as blood, urine 
and faeces 
Opportunistic pathogen may trigger local 
infections, including peritonitis, meningitis, 
otitis media, appendicitis, and Bloodstream 
infection. 
Maheux et al. (2011) 
Kalan et al. (2019) 
 
Bacillus cereus Contaminated food 
Contaminated linen 
Bloodstream infection, Emetic syndrome. 
Symptoms of diarrhoeal syndrome resemble 
those of clostridium food poisoning. 
Ikeda et al. (2015) 
Anma et al. (2017) 
 
Staphylococcus aureus Direct/ indirect contact Eye keratitis  
Mediastinitis 
Bacteremia 
Namvar et al. (2014)  
Harris et al. (2016) 
Widerstrom. (2016) 
Fungi 
Aspergillus niger Direct/Indirect Contact: 
Inhalation of contaminated 
droplets 
 
Ocular diseases, and other diseases such as 
aspergillosis in immunocompromised patients. 
Aspergillosis: In rare instances, patients with 
serious lung diseases may become ill. 
Mirhendi et al. (2016) 
Gupta et al. (2017) 
Kalan et al. (2019) 
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The Aspergillus genus is made up of many groups such as the Aspergillus section Nigri 
containing many species, some of which have been associated or linked to human 
diseases (Mirhendi et al, 2016). According to Gupta and colleagues (2017), the majority 
of microorganisms responsible for nosocomial infections, such as Aspergillus niger, 
norovirus and methicillin-resistant Staphylococcus aureus (MRSA) have been found on 
floors and other environmental surfaces. The indoor air quality has been identified to 
contribute and play a huge role on human health, simply because more than 85% of 
humans spend their time indoors. Recently, there has been a raise in interest regarding 
flooring materials and how it contributes to the air quality indoors. (Lax et al, 2014). 
This may serve as an explanation on how this microorganism is transmitted onto the 
interns’ white coat, however, further studies will be needed to investigate the 
transmission, distribution and population structure of this fungi around the clinic floors 
and air.  
Most of the microorganisms isolated in this study represent the normal human 
microflora and fungi that are found abundantly in our environment. The variety of 
pathogens found in this study was narrower than expected, possibly due to the regular 
cleaning frequency of the intern’s white coats, and the sensitivity of the isolation method 
used for both bacteria and fungi.  
The relative clinical importance of the fungal species identified has been discussed in 
several excellent texts and the reader is referred to these for additional information 
(Table 4.4). 
b. Bacteria  
A multitude and variety of bacterial species such as Staphylococcus hominis, 
Micrococcus luteus and Staphylococcus capitis all cohabit in humans, and are normally 
found or located in almost all parts of the human body. Some exclusive to specific parts 
such as ear canal, neck, face, scalp, etc. (Perdijk et al, 2017) 
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Enterobacter cloacae is one of the bacteria isolated from the interns’ white coat. It is 
broadly distributed in the environment and considered part of the normal flora of the 
gastrointestinal tract of about 40 to 80 percent of humans and domestic animals 
(Nyenje, Green, & Ndip, 2013). In neonatal units, E. cloacae is considered an important 
nosocomial opportunistic pathogen responsible for causing a wide range of infections 
such as, lower respiratory tract infections and catheter associated urinary tract 
infections.  
E. cloacae is usually identified from meat products, rice, fresh vegetables and food 
processing plants, and also know to produce compounds that causes food spoilage (Liu 
et al, 2018; Lorenzo et al, 2010). Which may result in food poisoning and symptoms 
such as abdominal cramps, diarrhea, vomiting and nausea. E. cloacae is also known to 
be able to form biofilms on various types of surfaces. By definition, biofilms are matrix-
enclosed bacterial populations which adhere to each other and to surfaces (Liu et al, 
2018). 
Staphylococcus bacteria are a group of pathogens often located on the mucous 
membrane and skin of both healthy and unhealthy individuals. S. aureus is a disease 
causing organism, but additional acts as a commensal organism. Hence, can be found 
in the normal human flora such as in the mucous membranes, as well as in the 
environment (Khan et al, 2015). Normally, S. aureus will not cause infection on the skin 
of a healthy individual; but may potentially result in various severe infections, if the 
bacteria is allowed to pass through open wounds and penetrate the bloodstream or 
intestinal tissues of the individual (Price et al, 2017). S. aureus has an even more 
common infection rate in immunocompromised patients (McNeil, 2014). Transmission is 
usually from direct contact; although, other transmission methods may be involved in 
other types of infections (Denis, 2017; Knox et al, 2015). It is one of the most 
predominant causes of surgical site infections, nosocomial pneumonia, and hospital 
acquired bacteremia. Furthermore, it has a high potential to develop antimicrobial 
resistance (Denis, 2017). 
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Kocuria species are known as harmless commensals bacteria found in the oropharynx 
as well as skin, they are normally of low virulence but can lead to opportunistic 
infections in individuals with normal immune system with some underlying issues, as 
well as individuals who are immunocompromised (Sohn et al, 2015). Conditions such as 
short bowel syndrome, end stage renal diseases, diabetes, metabolic disorders and 
cancer are the most common co-morbid illnesses linked with Kocuria infections 
(Domont et al, 2014). Regarding cases of infections caused by Kocuria species, only 
twenty three cases in literature have been reported up to now, with K. kristinae being 
the most common pathogen, then followed by K. rosea, K. marina, K. rhizophila and K. 
varians (Chen et al, 2015; Kandi et al, 2016).  
The isolation of the above mentioned organisms from the chiropractic intern’s white 
coat, was predictable because these bacteria are natural commensals of the human 
body, particularly the skin (Murray, 2003).  Therefore, most of the bacteria isolated from 
the interns’ white coats are regarded as of minor clinical significance; however, many 
instances of infections with the above-mentioned organisms can be found in the 
literature (Table 4.4). 
4.4 Conclusion 
Although the above isolated microorganisms are in abundance in our environment and 
does not pose a serious threat to patients, the presence of these bacteria and the fungal 
isolates indicates a potential for horizontal transmission of these organisms from 
patients to the interns’ white coats, and vice versa. Further studies will have to be done 
to find the primary sources of these microorganisms.  
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CHAPTER 5 – CONCLUSION AND RECOMMMENDATIONS 
5.1 Introduction  
Healthcare settings and healthcare systems all over the world are worried about 
infection control. Therefore, they have put in place many patient safety protocols to fight 
the spread of these hospital-acquired infectious microorganisms. The infection control 
committees are struggling to reach the ideal goals to combat or reduce this issue. 
However, through the practicing of the correct and sound health care procedures 
developed by the infection control committees, we can better control the spread of these 
infectious microorganisms using the recommended proper methods. 
This study demonstrates that there is a potential risk for acquiring nosocomial 
pathogens from chiropractic white coats, as well as the risk of spreading them further, 
due to all the different microorganisms identified from the different sampled surfaces on 
their white coats. Though the majority of the bacteria and environmental fungi were 
harmless, they were opportunistic microorganisms which were still threatening to 
immunocompromised individuals. 
The data and results above show that the chiropractic white coats are indeed potential 
reservoirs and sources of transmission for pathogens in the health care environments, 
however, data confirming the direct link between the white coats and nosocomial 
infections remains limited. And so it seems appropriate to design or draw up protocols 
needed to prevent the contamination of the interns’ white coats, and to effectively do 
this, we will need a diverse outlook and variety of approaches. 
White coats must be washed regularly (at least once a week) at the correct disinfection 
temperature and settings, preferably done in-house to prevent the risk of cross-
contamination, especially to the immunocompromised individuals in the clinic and at 
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home hence why it must also only be worn in the clinic. Regular handwashing practices 
after every patient need to be followed, as well as patient and doctor education on the 
potential risks and precautions. 
Therefore we strongly encourage members of all schools, colleges, or universities that 
practice chiropractic, physically therapy, and other healthcare practices involving white 
coats or protection garments to consider using the above suggested necessary infection 
control measures as guideline to reduce contamination and for adequate patient and 
clinician safety, until a concrete cleaning protocol is put in place.  
5.2 Limitations  
5.2.1 Limitations of the surface sampling method:  
1) Every individual microorganism depends on various and specific requirements for 
growth, requirements such as temperature, substrate, etc... Hence, it is possible 
that certain strains sampled may not have developed due to their requirements 
not being met. 
2) Lack of consensus for thresholds of cleanliness.  
3) Researcher interpretive bias. In qualitative research, the analysis and 
interpretation of the data are reliant on the researcher; therefore, they can 
potentially be biased because of the researcher’s own culture, and ideology. 
4) Control cleaning frequency, because there were no exceptions on how recently 
the white coats were washed, some of the coats were washed on the day or the 
day before the trials, hence may affect the results, by excluding some of the 
microorganisms. 
5.2.2 Limitations of the student survey:  
1) Some questions, such as the cleaning frequency and cleaning habits were often 
misunderstood and asked to be explained. 
2) Students work in shifts; thus, it was difficult to hand out the survey and track who 
have/have not received it. 
5.3 Guidance and Advice  
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5.3.1 Research and Education  
Further possible investigations should include: 
1) Examining microbial contamination on: 
• Other surfaces on the white coat such as the back of the coat, the front pocket, 
and collar 
• Frequently used equipment such as towels, pillows, cotton sheets on the beds and 
gowns 
• High touched surfaces in the room such as cellphones, pens, desks, beds, chairs, 
and doorknobs. 
• Potential reservoirs such as electrotherapy equipment, the shockwave machine, 
ultrasound and IFC machines, toilet surfaces, hand washbasins and potted plants, 
soap dispensary units, water filtering machines. 
• Interns’ bags and all items that form part of the interns’ diagnostic kit (stethoscope, 
blood pressure cuff, etc.…) 
2) Finding other possible sources of contamination: Clinic walls and floors, floor 
covering, ceilings, patients’ clothing and shoes, water sources, pigeon nesting 
sites, air entrainment, ventilation units, etc... 
3) Examine and identify the primary or different transmission routes causing this 
spread, for example from the clinic floors, walls, and equipment to patients, and 
potential horizontal transmission from doctors’ hands to patients, or from the 
patients to doctor and so on, to target and effectively minimize the spread. 
4) Examining the role and effect of hand hygiene or decontamination practices has 
on the surfaces so that we can determine how the cleaning of hands would affect 
or reduce the incidence of contamination amongst the interns. 
5) Examining the microbial status and testing of all remedies used such as 
treatment cream, massage oils and the tapes for bacterial and fungal activities. 
6) Active and passive methods of infection control should be investigated to 
enhance safety in chiropractic practices and teaching institutions, including 
routine surveillance programs. 
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7) Examining the quality of air indoors, and its relation to the condition known as 
“Sick Building Syndrome”. 
8) Investigation of other divisions within the DFC Health Training Centre such as the 
homeopathic department and the Food Research Centre and their contribution in 
the entrainment and spread of pathogens within the clinic. 
5.3.2 Recommendations  
It’s imperative to measure the microbial contamination on healthcare surfaces such as 
the white coats worn by the healthcare givers, this helps us to understand the situation 
that exists now, allow changes and put in place the interventions needed to decrease 
the potential for acquisition and horizontal transmission of nosocomial pathogens at the 
University of Johannesburg training clinic. The highest bacterial counts were found on 
the bottom-most surface of the white coat and the pocket surfaces, which are most in 
contact with the patient’s body and the caregiver’s hands. This poses a risk because 
patients are examined bare skin during a consultation and make frequent contacts with 
the caregiver’s hands. Therefore, hand hygiene must be complied with to prevent 
deposition of microbes on patients, and other surfaces and disinfection protocols of 
surfaces must be addressed and followed properly to prevent infection acquisition and 
potential spread.  
White coats and surface disinfection should become an educational priority. The 
chiropractic interns and other practitioners will need educational interventions, supplying 
them with strong evidence regarding the high likelihood of white coats microbes’ 
contamination when interacting with patients. Although 91% of the chiropractic interns 
claimed to perceive their white coats as a potential vector for bacteria, and 78% claimed 
the same thing even when it is stainless, and 78% also claimed to wash theirs at least 
once every week. There was still an increased count on the number of pathogens found 
CFU/cm2; this shortcoming may primarily be due to the lack of a standardized cleaning 
and disinfection protocol for white coats at the University of Johannesburg training 
clinic.  
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This inconsistency or shortcoming in the correct white coat cleaning and disinfection 
practices may be considered as the most significant risk factor for the acquisition and 
transmission of the infectious agents through white coats, although other isolated 
reasons of transmission may be possible.  
Results indicate that the chiropractic interns favour and promote disinfection and 
hygiene practices, which suggests that with the appropriate education on the correct 
and standard disinfection methods, compliance to a disinfection protocol might be 
followed with ease and therefore have a positive impact on reducing contamination and 
the risk of infection. Adding a small amount of lectures in the undergraduate curriculum 
may prime the chiropractic interns to this basic necessity, as well as a standardized in 
house laundry service. 
Further investigation will be needed to determine the long-term compliance and whether 
this effort may actually control risk of pathogenic microbes through behavior change and 
or in house laundry service. We also suggest that future research should be done by 
surveillance to measure the incidence of infection at the University of Johannesburg 
training clinic and identify problem areas, measure progress of prevention efforts, and 
ultimately eliminate the potential of acquiring infections.  
5.4 Conclusion  
In conclusion, it would be prudent for the chiropractic community to pay closer attention 
to the possibility that chiropractic white coats may serve as a potential source of 
hospital-acquired infections. To mitigate the risk of spread of these pathogens in the 
academic and clinical settings, it is recommended that the University of Johannesburg 
chiropractic training clinic needs to implement a proper hygiene control protocol with 
strict adherence and compliance by all staff and interns to reduce the probability of 
infection transmission through white coats. It is also important to implement hygiene 
monitoring systems, to monitor both the hygiene practices of the clinic staff and also 
identify possible pathogenic microbes on the interns’ white coats and within the clinic 
environment.  
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Overall, the information collected in this study both supports and emphasizes that there 
is a need for educational intervention and effective disinfection protocol to prevent 
bacterial and fungal accumulation on the chiropractic interns’ white coats at the 
University of Johannesburg chiropractic training clinic. 
 
 
REFERENCES 
 
Akanbi, A., Kareem, T., Adedoja, A., Nyamngee, A., Muhammed, M., Abdulkareem, K., 
and Atata, R. (2017). Bacterial contamination of medical doctors’ white coats as 
contributing factor to hospital acquired infections. International Journal of Biological and 
Chemical Sciences. Vol.11, 1: 185. 
Al-Abdli, N.E., and Baiu, S.H. (2016). Isolation of MRSA Strains from Hospital 
Environment in Benghazi City, Libya. American Journal of Infectious Diseases and 
Microbiology. 4(2), pp.41-43. 
Alipour, N., Karagoz, A., Taner, A., Gaeini, N., Alipour, N., Zeytin, H., Yildiz, F., and 
Durmaz, R. (2017). Outbreak of Hospital Infection from Biofilm-embedded Pan Drug-
resistant Pseudomonas aeruginosa, Due to a Contaminated Bronchoscope. Journal of 
Preventive Medicine. 2(2): 1. 
Anma, A., Hase, R., Otsuka, Y., and Hosokawa, N. (2017). Clinical Characteristics of 
Bacillus cereus Bloodstream Infection in a Tertiary Care Hospital in Japan: the Rate of 
True Bloodstream Infections and Mortality Are Much Higher than Previously Reported. 
Open Forum Infectious Diseases. Vol.4, no. 1, pp. 548. 
Astin, J.A., Pelletier, K.R., Marie, A., and Haskell, W.L. (2000). Complementary and 
alternative medicine use among elderly persons: one-year analysis of a Blue Shield 
Medicare supplement. The Journals of Gerontology: Series A, Biological Sciences and 
Medical Sciences. 55(1): M4-9. 
 64 
Banu, A., Anand, M., and Nagi, N. (2012). White Coats as a Vehicle for Bacterial 
Dissemination. Journal of Clinical and Diagnostic Research. 6(8): 1381–1384. 
Barton, R.C. (2013). Laboratory Diagnosis of Invasive Aspergillosis: From Diagnosis to 
Prediction of Outcome. Scientifica. vol. 2013, Article ID 459405, 29 pages, 
available: https://doi.org/10.1155/2013/459405. 
Baumgardner, D.J. (2012). Soil-Related Bacterial and Fungal Infections. Journal of the 
American Board of Family Medicine, 25(5), pp.734-744. 
Bennett, P. (2009). Plasmid encoded antibiotic resistance: acquisition and transfer of 
antibiotic resistance genes in bacteria. British Journal of Pharmacology. 153(S1): S347-
S357. 
Bicking-Kinsey, C., Koirala, S., Solomon, B., Rosenberg J., Robinson, B., Neri, A., 
Laufer Halpin, A., Arduino, M., Moulton-Meissner, H., Noble-Wang, J., Chea, N., and 
Gould, C. (2017). Pseudomonas aeruginosa Outbreak in a Neonatal Intensive Care Unit 
Attributed to Hospital Tap Water. Infection Control and Hospital Epidemiology, 38(07): 
801-808. 
Birnbach, D., Rosen, L., Fitzpatrick, M., Carling, P. and Munoz-Price, L. (2015). The 
Use of a Novel Technology to Study Dynamics of Pathogen Transmission in the 
Operating Room. Anesth and Analg, Vol.120, no.4, pp.844-847. 
 
Blevins, S. (2006). Mold Matters. Healthcare Environmental Testing – Infection Control. 
pp.1-4. [Online] Available at: http://www.aerobiology.net/healthcare-associated-
infection-analysis/. [Accessed 13 October 2018]. 
Brosnan, C. (2015). Quackery’ in the Academy? Professional knowledge, autonomy and 
the debate over complementary medicine degrees. Sociology 49 (6):1047-1064. 
Brown, R. (2012). A health care system in transformation: making the case for 
chiropractic. Chiropractic and Manual Therapies. 20(1): 37. 
 65 
Burnett, E. (2009). Perceptions, attitudes, and behavior towards patient hand hygiene. 
American Journal of Infection Control, 37:638-42. 
Buser, G.L., Cassidy, P.M., Cunningham, M.C., Rudin, S., Hujer, A.M., Vega, R., 
Furuno, J.P., Marshall, S.H., Higgins, P.G., Jacobs, M.R., Wright, M.S., Adams, M.D.,  
Cardoso, T., Almeida, M., Friedman, N.D., Aragao, I., Costa-Pereira, A., Sarmento, 
A.E., and Azevedo, L. (2014). Classification of healthcare-associated infection: a 
systematic review 10 years after the first proposal. BMC Medicine, 12: 40. 
Cassettari, V.C., Silveira, I.R., Balsamo, A.C. and Franco, F. (2006). Outbreak of 
Extended-Spectrum Beta-Lactamase-Producing Klebsiella pneumoniae in an 
Intermediate-Risk Neonatal Unit Linked to Onychomycosis in a Healthcare Worker. 
Jornal de Pediatria, 82(4), pp.313-316. 
CDC (Centre for Disease Control and Prevention). (2014). Available from: 
https://www.cdc.gov/ecoli/general/index.html. (Accessed: January 18, 2019). 
CDC (Centre for Disease Control and Prevention). (2019). Available from: 
https://www.cdc.gov/fungal/diseases/aspergillosis/index.html. (Accessed: May 24, 
2019). 
CDC. (2005). Pseudomonas Bloodstream Infections Associated with a Heparin/Saline 
Flush - Missouri, New York, Texas, and Michigan, 2004-2005. Morbidity and Mortality 
Weekly Report, CDC. 
CDC. 2014. Healthcare-Associated Infections (HAI) – Diseases and Organisms. 
Centers for Disease Control and Prevention (CDC). 
Centers for Disease Control and Prevention. (2017). CDC Winnable Battles Progress 
Report. [online] Available at: https://www.cdc.gov/winnablebattles/report/HAIs.html 
[Accessed 11 May 2018]. 
Chacko, L., Jose S., Isac A., Bhat K.G., (2003). Survival of nosocomial bacteria on 
hospital fabrics. Indian Journal of Medical Microbiology.21:291. Available 
from: http://www.ijmm.org/text.asp?2003/21/4/291/8049 
 66 
Chang, C., Chen, S., Lu, J., Chang, C., Chang, Y., and Hsieh, P., (2017). Nasal 
colonization and bacterial contamination of mobile phones carried by medical staff in the 
operating room. PLOS ONE, 12(5): e0175811.  
Chapman-Smith, D. (2008). The Chiropractic Profession. Basic Facts, Independent 
Evaluations, Common Questions Answered. The Chiropractic Report. 22(5), 1. 
Chemaly, R. F., Simmons, S., Dale Jr, S., Ghantoji, S. S., Rodriguez, M., Gubb, J., 
Stachowiak, J. and Stibich, M. (2014).The role of the healthcare environment in the 
spread of multidrug-resistant organisms: update on current best practices for 
containment .Therapeutic Advances in Infectious Disease. Vol. 2(3-4): 79–90. 
Chen, H.M., Chi, H., and Chiu, N.C. (2015). Kocuria kristinae: a true pathogen in 
pediatric patients. Journal of Microbiology immunology infection. Vol. 48, pp.80–84. 
Clack, L., Scotoni, M., Wolfensberger, A. and Sax, H. (2017). “First-person view” of 
pathogen transmission and hand hygiene – use of a new head-mounted video capture 
and coding tool. Antimicrobial Resistance and Infection Control. 6(1). 
Claro, T., O'Reilly, M., Daniels, S., and Humphreys, H. (2015). Surface microbial 
contamination in hospitals: A pilot study on methods of sampling and the use of 
proposed microbiologic standards. American Journal of Infection Control. Vol. 43, no.9, 
pp.1000. 
Cleveland, J., Gray, S., Harte, J., Robison, V., Moorman, A., and Gooch, B. (2016). 
Transmission of blood-borne pathogens in US dental health care settings. The Journal 
of the American Dental Association, 147(9): 729-738. 
Cogen, A.L., Nizet, V., and Gallo, R.L. (2008). Skin Microbiota: A Source of Disease or 
Defence? The British journal of dermatology, 158(3), pp.442-455. 
Collins, A.S. (2008). Preventing Health Care-Associated Infections. Hughes, R. Patient 
safety and quality: An Evidence-Based Handbook for Nurses. Rockville, MD: Agency for 
Healthcare Research and Quality. 2: 547-575. 
 67 
Creamer, E., Shore, A., Deasy, E., Galvin, S., Dolan, A., Walley, N. (2014). Air and 
surface contamination patterns of methicillin-resistant Staphylococcus aureus on eight 
acute hospital wards. Journal of Hospital Infection. Vol. 86, pp.201-208. 
 
Dancer, S. (2004). How do we assess hospital cleaning? A proposal for microbiological 
standards for surface hygiene in hospitals. Journal of Hospital Infection. Vol.56, no.1, 
pp.10-15. 
Davidson T., Lewandowski, E., Smerecki, M., Stratton, H., Alhabeil, J., Wheater, M., 
Shepherd, K., and Krukonis, E.S., (2017). Taking your work home with you: Potential 
risks of contaminated clothing and hair in the dental clinic and attitudes about infection 
control. Canadian Journal of Infection. Vol 32(3): 137-142. 
de Vries, J.J., Baas, W.H., van der Ploeg, K., Heesink, A., Degener, J.E., and Arends, 
J.P. (2006). Outbreak of Serratia marcescens Colonization and Infection Traced to a 
Healthcare Worker with Long-Term Carriage on the Hands. Infection Control and 
Hospital Epidemiology, 27(11), pp.1153-1158. 
Denis, O. (2017). Route of transmission of Staphylococcus aureus. The Lancet 
Infectious Diseases. Vol.17, no.2, pp.124-125. 
Diercke, M., Monazahian, M., Petermann, H., Gerlich, W., Schüttler, C., Wend, U., 
Dehnert, M., and Dreesman, J. (2015). Hepatitis B outbreak in a nursing home 
associated with reusable lancet devices for blood glucose monitoring, Northern 
Germany 2010. Journal of Medical Virology. 87(4): 583-588. 
Dillon, K.H., Heinsohn, P.A. and Miller, J.D. (2005). Field Guide for the Determination of 
Biological Contaminants in Environmental Samples. 2nd ed. American Industrial 
Hygiene Association. Chapter 3, p.32. 
Domont, F., Fleche-Mateos, A.L., and Bremond-Gignac D. (2014). Kocuria 
dacryocystitis infection, caused by Kocuria ocularis sp. Nov. JMM Case Report. Vol. 1, 
pp. 1–4. 
 
 68 
Dorri, M., Sheiham, A., and Watt, R.G. (2009). Relationship between general hygiene 
behaviors and oral hygiene behaviors in Iranian adolescents. European Journal Oral 
Sciences. 117: 407-12. 
Ducel, G., Fabry, J., and Nicolle, L. (2002). Prevention of Hospital-Acquired Infections - 
A Practical Guide. WHO/CDS/CSR/EPH. 12(2):1-64. 
Duffy, J., Harris. J., Gade, L., Sehulster, L., Newhouse, E., O’Connell, H., Noble-Wang, 
J., Rao, C., Balajee, S. and Chiller, T. (2014). Mucormycosis Outbreak Associated with 
Hospital Linens. The Pediatric Infectious Disease Journal, 33(5): 472-476. 
Eames, I., Tang, J., Li, Y., and Wilson, P. (2009). Airborne transmission of disease in 
hospitals. Journal of the Royal Society Interface. 6(Suppl 6): S697-702. 
El Shafie, S.S., Alishaq, M., and Leni Garcia, M. (2004). Investigation of an Outbreak of 
Multidrug-Resistant Acinetobacter baumannii in Trauma Intensive Care Unit. Journal of 
Hospital Infection. 56(2), pp.101-5. 
Eldirdiri, S., Lee, J., Jack, A., Wright, A., Findlay, A., and Phillips, G. (2018). Outbreak of 
gentamicin-resistant, methicillin-susceptible Staphylococcus aureus on a neonatal unit. 
Journal of Hospital Infection, 98(4): 419-424. 
Erkara, I.P., Asan, A., Yilmaz, V., Pehlivan, S., and Okten, S.S. (2008). Airborne 
Alternaria and Cladosporium Species and Relationship with Meteorological Conditions 
in Eskisehir City, Turkey. Environmental Monitoring and Assessment. 144(1-3), pp.31-
41. 
Evans Jr, M.W., Campbell, A., Husbands, C., Breshears, J., Ndetan, H., and Rupert, R. 
(2008). Cloth-covered chiropractic treatment tables as a source of allergens and 
pathogenic microbes. Journal of Chiropractic Medicine, 7(1): 34-38. 
Evans, M.W., Campbell, A., Husbands, C., Breshears, J., Ndetan, H., and Rupert, R. 
(2008). Cloth-Covered Chiropractic Treatment Tables as a Source of Allergens and 
Pathogenic Microbes. Journal of Chiropractic Medicine. 7(1), pp.34-38. 
 69 
Evans, M.W., Ramcharan, M., Floyd, R., Globe, G., Ndetan, H., Williams, R., and Ivie, 
R. (2009). A proposed protocol for hand and table sanitizing in chiropractic clinics and 
education institutions. Journal of Chiropractic Medicine. 8:38-47.  
Exley, J.L.R., Liseka, B., Cumming, O., and Ensink, J.H.J. (2015). The sanitation ladder, 
what constitutes an improved form of sanitation? .Environmental Science Technology. 
49:1086-1094. 
Falk, P.S., Winnike, J., Woodmansee, C., Desai, M., and Mayhall, C.G. (2000). 
Outbreak of vancomycin-resistant enterococci in a burn unit. Journal of Infection 
Control. 21(09): 575-582. 
Fernandes, E. (2015). Doctors and medical students in India should stop wearing white 
coats. BMJ publishing group. 351. 
Garcia-Cruz, C.P., Najera Aguilar, M.J., and Arroyo-Helguera, O.E. (2012). Fungal and 
Bacterial Contamination on Indoor Surfaces of a Hospital in Mexico. Jundishapur 
Journal of Microbiology. 5(3), pp.460-4. 
Gupta, M., Bisesi, M., and Lee, J. (2017). Comparison of survivability of Staphylococcus 
aureus and spores of Aspergillus niger on commonly used floor materials. American 
Journal of Infection Control. 45:717-722. 
Gupta, P., Bairagi, N., Priyadarshini, R., Singh, A., Chauhan, D., and Gupta, D. (2016). 
Bacterial contamination of nurses’ white coats made from polyester and polyester cotton 
blend fabrics. Journal of Hospital Infection. Vol 94, 92-94. 
Gupta, P., Bairagi, N., Priyadarshini, R., Singh, A., Chauhan, D., and Gupta, D. (2017). 
Bacterial contamination of nurses’ white coats after first and second shift. American 
Journal of Infection Control. 45:86-88. 
Harris, L.G., Murray, S., Pascoe, B.,Bray, J., Meric, G., Magerios, L., Wilkinson, T.S., 
Jes, R., RohdeSchwarz, S., Miragaia, M., Rolo, J., Bowden, R., Jolley, K.A., Maiden, M. 
C., Mack, D., and Sheppard, S.K. (2016). Biofilm morphotypes and population structure 
among Staphylococcus epidermidis from commensal and clinical samples. PLoS One, 
Vol. 11, pp.151. 
 70 
 
Hayden, M.K., Blom, D.W., Lyle, E.A., Moore, C.G., and Weinstein, R.A. (2008). Risk of 
Hand or Glove Contamination after Contact with Patients Colonized with Vancomycin-
Resistant Enterococcus or the Colonized Patients' Environment. Infection Control and 
Hospital Epidemiology, 29(2), pp.149-154. 
Hefzy, E., Wegdan, A., and Abdel Wahed, W. (2016). Hospital outpatient clinics as a 
potential hazard for healthcare associated infections. Journal of Infection and Public 
Health, 9(1), pp.88-97. 
 
Huang, H.C., Erickson, R.S., Hsieh, T.F. (2007). Control of bacterial wilt of bean 
(Curtobacterium flaccumfaciens pv. flaccumfaciens) by seed treatment with Rhizobium 
leguminosarum. Crop Protection. 26: 1055–1061. 
Ibeneme, S., Maduako, V., Ibeneme, G., Ezuma, A., Ettu, T., Onyemelukwe, N., 
Limaye, D., and Fortwengel, G. (2017). Hand Hygiene Practices and Microbial 
Investigation of Hand Contact Swab among Physiotherapists in an Ebola Endemic 
Region: Implications for Public Health. Biomed Research International. 2017: 1-13. 
Ikeda, M., Yagihara, Y., Tatsuno, K., Okazaki, M., Okugawa, S. and Moriya, K. (2015). 
Clinical characteristics and antimicrobial susceptibility of Bacillus cereus blood stream 
infections. Annals of Clinical Microbiology and Antimicrobials. Vol.14, no.1, 
Jacob, G. (2007). Uniforms and workwear: an evidence base for developing local policy. 
Leeds: Department of Health. p. 7. 
Jinadatha, C., Villamaria, F., Coppin, J., Dale, C., Williams, M., Whitworth, R., and 
Stibich, M. (2017). Interaction of healthcare worker hands and portable medical 
equipment: a sequence analysis to show potential transmission opportunities. BMC 
Infectious Diseases. 17(1): 800. 
John, A.R., Alhmidi, H., Gonzalez-Orta, M.I., Cadnum, J.L., Dosnkey, C.J. (2018). A 
Randomized Trial to Determine Whether Wearing Short-Sleeved White Coats Reduces 
 71 
the Risk for Pathogen Transmission. Infection Control Hospital Epidemiology. 39:233–
234. 
Kalan, L.R., Meisel, J.S., Loesche, M.A., Uberoi, A., Gardner, S.E., Grice. E.A. (2019). 
Strain- and Species-Level Variation in the Microbiome of Diabetic Wounds Is 
Associated with Clinical Outcomes and Therapeutic Efficacy. Cell Host and Microbe. 25, 
641–655. 
Kanamori, H., Parobek, C., Juliano, J., van Duin, D., Cairns, B., Weber, D., and Rutala, 
W. (2017). A prolonged outbreak of KPC-3-producing Enterobacter cloacae and 
Klebsiella pneumoniae driven by multiple mechanisms of resistance transmission at a 
large academic burn center. Antimicrobial Agents and Chemotherapy. 61(2):1516-16. 
Kandi, V., Palange, P., and Vaish, R. (2016). Emerging Bacterial Infection: Identification 
and Clinical Significance of Kocuria Species. cureus. Vol. 8. No. 8, pp. 731. 
Kanemitsu, K., Endo, S., Oda, K., Saito, K., Kunishima, H., Hatta, M., Inden, K., and 
Kaku, M. (2007). An increased incidence of Enterobacter cloacae in a cardiovascular 
ward. Journal of Hospital Infection. Vol 66:130-134. 
Karwowska, E. (2005). Microbiological Air Contamination in Farming Environment. 
Polish Journal of Environmental Studies. 14(4), pp.445-449. 
Khan, A.A. and Karuppayil, S.M. (2012). Fungal Pollution of Indoor Environments and 
its Management. Saudi Journal of Biological Sciences. 19(4), pp.405-426. 
Khan, A.A., Karuppayil, S.M., Chary, M., Kunwar, I.K., and Waghray, S. (2009). 
Isolation, Identification and Testing of Allergenicity of Fungi from Air-Conditioned Indoor 
Environments. Aerobiologia. 25(2), pp.119-123. 
Khan, H., Ahmad, A., and Mehboob, R. (2015). Nosocomial infections and their control 
strategies. Asian Pacific Journal of Tropical Biomedicine. 5(7), pp.509-514. 
Knox, J., Uhlemann, A.C., and Lowy, F. D. (2015). Staphylococcus aureus infections: 
transmission within households and the community. Trends in Microbiology. Vol.23, no. 
7, pp 437–444.  
 72 
Ko, S.K., Oh, W.S., Lee, M.Y., Peck, K.R., Lee, N.Y., Song, J.H. (2007). A new 
Microbacterium species isolated from the blood of a patient with fever: Microbacterium 
pyrexiae sp. nov.. Diagnostic Microbiology and Infectious Disease. 57: 393–397. 
Koca, O., Altoparlak, U., Ayyildiz, A. and Kaynar, H. (2012). Persistence of Nosocomial 
Pathogens on Various Fabrics. The Eurasian Journal of Medicine. 44(1), pp.28-31.  
Koibuchi, H., Kotani, K., and Taniguchi, N. (2013). Ultrasound probes as a possible 
vector of bacterial transmission. Medical Ultrasonography. 15(1): 41-44. 
Kramer, A., Schwebke, I., and Kampf, G. (2006). How long do nosocomial pathogens 
persist on inanimate surfaces? A systematic Review. BMC Infectious Diseases. 6: 130. 
Kurashige, E., Oie, S., and Furukawa, H. (2016). Contamination of environmental 
surfaces by methicillin-resistant Staphylococcus aureus (MRSA) in rooms of inpatients 
with MRSA-positive body sites. Brazilian Journal of Microbiology. 47(3): 703-705. 
Lausch, K.R., Fuursted, K., Larsen, C.S., and Storgaard, M. (2013). Colonisation with 
Multi-Resistant Enterobacteriaceae in Hospitalised Danish Patients with a History of 
Recent Travel: A Cross-Sectional Study. Travel Medicine and Infectious Disease. 11(5), 
pp.320-323. 
Lax, S., Smith, D.P., Hampton-Marcell, J., Owens, S.M., Handley, K.M., Scott, N.M., 
Gibbons, S.M., Larsen, P., Shogan, B.D., Weiss, S., Metcalf, J.L., Ursell, L.K., Vázquez-
Baeza, Y., Van Treuren, W., Hasan, N.A., Gibson, M.K., Colwell, R., Dantas, G., Knight, 
and R.,Gilbert, J.A. (2014). Longitudinal analysis of microbial interaction between 
humans and the indoor environment. Science. Vol. 345, Issue 6200, pp. 1048-1052. 
Leas, N., and Oakley, A. (2014). Microorganisms found on the skin. Online. Avalaible at: 
http://www.drmnetnzorg/topics/microorganisms-found-on-thw-skin/ Accessed 14 March 
2019. 
Lee, N., and Oakley, A. (2014). Microorganisms found on the skin. [Online} Avalaible at: 
http://www.drmnetnzorg/topics/microorganisms-found-on-thw-skin/ [Accessed 20 March 
2019). 
 73 
Legese, H., Kahsay, A., Kahsay, A., Araya, T., Adhanom, G., Muthupandian, S., and 
Gebreyesus, A. (2018). Nasal carriage, risk factors and antimicrobial susceptibility 
pattern of methicillin resistant Staphylococcus aureus among healthcare workers in 
Adigrat and Wukro hospitals, Tigray, Northern Ethiopia. BMC Research Notes. 11(1). 
Lestari, T., Ryll, S., and Kramer, A. (2013). Microbial contamination of manually 
reprocessed, ready to use ECG lead wire in intensive care units. GMS Hygiene and 
Infection Control. 8(1): Doc07. 
Levin, P.D., Shatz, O., Sviri, S., Moriah, D., Or-Barbash, A., Sprung, C.L., Moses, A.E., 
and Block, C. (2009). Contamination of portable radiograph equipment with resistant 
bacteria in the ICU. Chest. 136(2): 426-432. 
Liu, F., Wang, F., Du, L., Zhao, T., Doyle, M.P., Wang, D., Zhang, X., Sun, Z., and Xu, 
W. (2018). Antibacterial and antibiofilm activity of phenyllactic acid against Enterobacter 
cloacae. Food Control. 84: 442-448. 
Lloyd-Price, J., Abu-Ali, G., and Huttenhower, C. (2016). The healthy human 
microbiome. Genome Medicine. Vol 8: 51.  
Loh, W., Ng, W., and Holton, J. (2000). Bacterial flora on the white coats of medical 
students. Journal of Hospital Infection. Vol 45:65–68. 
Longtin, Y., Schneider, A., Tschopp, C., Renzi, G., Gayet-Ageron, A., Schrenzel, J., and 
Pittet, D. (2014). Contamination of stethoscopes and physicians’ hands after a physical 
examination. Mayo Clinic Proceedings, 89(3): 291–299. 
Lopez-Urrutia, L., de Frutos, M., Oteo, J., and Eiros, J.M. (2018). Vancomycin-resistant 
Enterococcus faecium ST17 outbreak in a Neonatal Unit. Enfermedades Infecciosas y 
Microbiologia Clinica. 36(3): 198-200. 
Lorenzo, J. M., Cachaldora, A., Fonseca, S., Gomez, M., Franco, I., and Carballo, J. 
(2010). Production of biogenic amines “in vitro” in relation to the growth phase by 
Enterobacteriaceae species isolated from traditional sausages. Meat Science. 86, 684. 
 74 
Maheux, A.F., Bissonnette, L., Boissinot, M., Bernier, J.T., Huppe, V., Berube, E., 
Boudreau, D.K., Picard, F.J., Huletsky, A., and Bergeron, M.J. (2011). Method for rapid 
and sensitive detection of Enterococcus sp. and Enterococcus faecalis/faecium cells in 
potable water samples. Water research. 45:2342-2354. 
Maraví-Poma, E., Rodríguez-Tudela, J.L., de Jalón, J.G., Manrique-Larralde, A., 
Torroba, L., Urtasun, J., Salvador, B., Montes, M., Mellado, E., Rodríguez-Albarrán, F. 
and Pueyo-Royo, A. (2004). Outbreak of Gastric Mucormycosis associated with the use 
of Wooden Tongue Depressors in Critically Ill Patients. Intensive Care Medicine. 30(4), 
pp.724-728. 
Matsuo, M., Oie, S., and Furukawa, H. (2013). Contamination of blood pressure cuffs by 
methicillin-resistant Staphylococcus aureus and preventive measures. Irish Journal of 
Medical Science. 182(4): 707-709. 
McNeil, J.C. (2014). Staphylococcus aureus antimicrobial resistance and the 
immunocompromised child. Infection and Drug Resistance. Vol.7, pp.117-127. 
Mirhendi, H., Zarei, F., Motamedi, M., and Nouripour-Sisakht, S. (2019). Aspergillus 
tubingensis and Aspergillus niger as the dominant black Aspergillus, use of simple 
PCR-RFLP for preliminary differentiation. Journal de Mycologie Médicale. 26, 9-16. 
Mondello, P., Ferrari, L. and Carnevale, G. (2006). Nosocomial Brevundimonas 
vesicularis Meningitis. Le Infezioni in Medicina. 14(4), pp.235-237. 
Muhadi, L., Muhadi, S.A., Aznamshah, N.A., Jahanfar, S.A. (2007). Cross sectional 
study on the microbial contamination of the medical student’s white coats. Malayasian 
Journal of Microbiology. 3(1):35–38. 
Munoz-Price, L.S., Arheart, K.L., Mills, J.P., Cleary, T., DePascale, D., Jimenez, A., 
Fajardo-Aquino, T., Coro, G., Birnbach, D.J., and Lubarsky, D.A. (2012). Associations 
between bacterial contamination of health care workers' hands and contamination of 
white coats and scrubs. American Journal of Infection Control. vol. 40, no. 9, pp245-
248.  
 75 
Murray, P.R. (2003). Manuel of Clinical Microbiology. 8th ed. Washington, D.C.: 
American Society for Microbiology - ASM PRESS. 
Mwamungule, S., Chimana, H., Malama, S., Mainda, G., Kwenda, G., and Muma, J. 
(2015). Contamination of health care workers’ coats at the University Teaching Hospital 
in Lusaka, Zambia: the nosocomial risk. Journal of Occupational Medicine and 
Toxicology. 10(1): 34. 
Namvar, A. E., Bastarahang, S., Abbasi, N., Ghehi, G. S., Farhadbakhtiarian, S., Arezi, 
P., Hosseini, M., Baravati, S. Z., Jokar, Z., and Chermahin, S. G. (2014). Clinical 
characteristics of Staphylococcus epidermidis: a systematic review. GMS hygiene and 
infection control. Vol. 9, no.3. 
Nautiyal, C.S., Chauhan, P.S., and Nene, Y.L. (2007). Medicinal smoke reduces 
airborne bacteria. Journal of Ethnopharmacology. 114:446–451. 
Neely A., and Orloff, M. (2001). Survival of Some Medically Important Fungi on Hospital 
Fabrics and Plastics. Journal of Clinical Microbiology. 39(9): 3360-3361. 
Neely, A.N. (2000). A survey on the survival of gram-negative bacteria on hospital 
fabrics and plastics. Journal of Burn Care and Rehabilitation. 21:523–527. 
Nelson, K.E., and Williams, C. (2014). Healthcare-Associated Infections -Etiology and 
Transmission. In Nelson, K.E. and Williams, C.M., eds. Infectious Disease 
Epidemiology. Theory and Practice. 3rd ed. Burlington, Massachusetts, U.S.: Jones and 
Barlett Learning, Chapter 14, p.379. 
Nicas, M., and Sun, G. (2006). An Integrated Model of Infection Risk in a Health-Care 
Environment. Risk Analysis. 26(4): 1085-1096. 
Nicolle, L. (2007). Hygiene: what and why? Canadian Medical Association Journal. 
176(6): 767-8. 
Nordstrom, J.M., Reynolds, K.A., and Gerba, C.P. (2009). Comparison of bacteria on 
new, disposable, laundered, and unlaundered hospital scrubs. American Journal of 
Infection Control. 40:539-543. 
 76 
Nordstrom, J.M., Reynolds, K.A., and Gerba, C.P. (2012). Comparison of bacteria on 
new, disposable, laundered, and unlaundered hospital scrubs. American Journal of 
Infection Control. 40:539-543. 
Noskin, G.A. and Peterson, L.R. (2001). Engineering Infection Control through Facility 
Design. Emerging Infectious Diseases. 7(2), pp.354-357. 
Nyenje, M. E., Green, E., and Ndip, R. N. (2013). Evaluation of the effect of different 
growth media and temperature on the suitability of biofilm formation by Enterobacter 
cloacae strains isolated from food samples in South Africa. Molecules. 18: 9582-9593. 
O’Connor, C., Cormican, M., Boo, T.W., McGrath, E., Slevin, B., O’Gorman, A., 
Commane, M., Mahony, S., O’Donovan, E., Powell, J., Monanhan, J., Finnegan, C., 
Kiernan, M.G., Coffey, J.C., Power, L., O’Connell, N.H., and Dunne, C.P. (2016). An 
Irish outbreak of New Delhi metallo-ß-lactamase (NDM)-1 carbapenemase-producing 
Enterobacteriaceae: increasing but unrecognized prevalence. The Journal of Hospital 
Infection. 94(4): 351–357. 
Pelzer, K.D. and Currin, N. (2009). Zoonotic Diseases of Cattle. Virginia Cooperative 
Extension, Publication. Pp.400-460. 
Perdijk, J., Yelverton, C., and Barnard, T. G. (2017). The Role of Chiropractic Treatment 
Tables as Potential Reservoirs and Vectors for Horizontal Transmission of Nosocomial 
Pathogens. (Master’s Dissertation). Doornfontein, Johannesburg: University of 
Johannesburg. Available from: http://hdl.handle.net/10210/268612 
Portnoy, J.M. (2003). Evaluation of Indoor Mold Exposure is what Allergists do Best. 
Annals of Allergy, Asthma and Immunology. 90(2), p.175. 
Prestinaci, F., Pezzotti, P. and Pantosti, A. (2015). Antimicrobial Resistance: A Global 
Multifaceted Phenomenon. Pathogens and Global Health. 109(7), pp.309-318. 
Price, J.R., Cole, K., Bexley, A., Kostiou, V., Eyre, D.W., and Golubchik, T. (2017) 
Transmission of Staphylococcus aureus between health-care workers, the environment, 
and patients in an intensive care unit: a longitudinal cohort study based on whole-
genome sequencing. The Lancet. Infectious Diseases. Vol.17, no.2, pp.207–214.  
 77 
Priya, H., Acharya, S., Bhat, M., and Ballal, M. (2009). Microbial Contamination of the 
White Coats of Dental Staff in the Clinical Setting. Journal of Dental Research, Dental 
Clinics, Dental Prospects.  3(4):136-140 
Qaday, J., Sariko, M., Mwakyoma, A., Kifaro, E., Mosha, D., Tarimo, R., Nyombi, B., 
and Shao, E. (2015). Bacterial Contamination of Medical Doctors and Students White 
Coats at Kilimanjaro Christian Medical Centre, Moshi, Tanzania. International Journal of 
Bacteriology. Volume 1:1-5 
Reem, R.E., Van Baley, J., Hoet, A.E., and Cebulla, C.M. (2014). Screening and 
Characterization of Staphylococcus aureus from Ophthalmology Clinic Surfaces: A 
Proposed Surveillance Tool. American Journal of Ophthalmology. 157(4): 781-782. 
Revelas, A. (2012). Healthcare - associated infections: A public health 
problem. Nigerian Medical Journal. 53(2), p.59. 
Ribet, D., and Cossart, P. (2015).How bacterial pathogens colonize their hosts and 
invade deeper tissues. Microbes and Infection.17 (3):173-183 
Rice, L.B. (2015). Progress and Challenges in Implementing the Research on ESKAPE 
Pathogens. Journal of Infection Control and Hospital Epidemiology. 31(S1): S7–S10. 
Russotto, V., Cortegiani, A., Raineri, S.M., and Giarratano, A. (2015). Bacterial 
Contamination of Inanimate Surfaces and Equipment in the Intensive Care Unit. The 
Journal of Intensive Care. 3(1): 54. 
Ryan, M.P., and Adley, C.C. (2010). Sphingomonas paucimobilis: A Persistent Gram-
Negative Nosocomial Infectious Organism. Journal of Hospital Infection. 75(3), pp.153-
157. 
Samet, J.M., and Spengler, J.D. (2003). Indoor Environments and Health: Moving into 
the 21st Century. American Journal of Public Health. 93(9), pp.1489-1493. 
Sanon, M.A., and Watkins, S. (2012). Nurses’ uniforms: How Many Bacteria Do They 
Carry After One Shift? Journal of Public Health and Epidemiology. 4(10), pp.311–315. 
 78 
Sasahara, T., Hayashi, S., Morisawa, Y., Sakihama, T., Yoshimura, A., and Hirai, Y. 
(2010). Bacillus cereus outbreak due to contaminated hospital linens. European Journal 
of Clinical Microbiology and Infectious Diseases. 30(2): 219-226. 
Schorderet-Weber, S., Noack, S., Selzer, P., and Kaminsky, R. (2017). Blocking 
transmission of vector-borne diseases. International Journal for Parasitology: Drugs and 
Drug Resistance. 7(1): 90-109. 
Shirakawa, M.A., Loh, K., John, V.M., Silva, M.E.S., and Gaylarde, C.C. (2011). 
Biodeterioration of Painted Mortar Surfaces in Tropical Urban and Coastal Situations: 
Comparison of Four Paint Formulations. International Biodeterioration and 
Biodegradation. 65(5), pp.669-674. 
Shokoohi, H.A., Armstrong, P., and Tansek, R. (2015). Emergency department 
ultrasound probe infection control: Challenges and solutions. Open Access Emergency 
Medicine. 7: 1-9. 
Singh, J. (2014). Pigeon Infestation and Health Hazards in Buildings. [Online] 
Environmental building Solutions. Available at: 
http://www.ebssurvey.co.uk/news/14/63/Pigeon-Infestation-Health-Hazards-in-
Buildings.html. [Accessed 5 October 2018]. 
Snitkin, E., Zelazny, A., Thomas, P., Stock, F., Henderson, D., Palmore, T., and Segre, 
J. (2012). Tracking a Hospital Outbreak of Carbapenem-Resistant Klebsiella 
pneumoniae with Whole-Genome Sequencing. Science Translational Medicine. 4(418): 
148ra116-148ra116. 
Sohn, K.M., Baek, J.Y., Kim, S.H., Cheon, S., and Kim, Y.S. (2015). Catheter-related 
bacteremia caused by Kocuria salsicia: the first case. Journal of Infections and 
Chemotherapy. Vol. 21, pp. 305–307 
 
Sui, Y.S., Wan, G.H., Chen, Y.W., Ku, H.L., Li, L.P., Liu, C.H., and Mau, H.S. (2012). 
Effectiveness of bacterial disinfectants on surfaces of mechanical ventilator systems. 
Respiratory Care. 57(2): 250-256.  
 79 
Teng, S., Lee, W., Ou, T., Hsieh, Y., Lee, W., and Lin, Y. (2009). Bacterial 
contamination of patients’ medical charts in a surgical ward and the intensive care unit: 
impact on nosocomial infections. Journal of Microbiology, Immunology and Infection. 
42(1): 86. 
The World Medical Association, Inc. (2013). WMA Decleration of Helsinki - Ethical 
Principles for Medical Research involving Human Subjects. [Online] Available at: 
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-
medical-research-involving-human-subjects/ [Accessed 7 April 2018]. 
Trupti, B.N., Amruthkishan, U., VijayKumar, M., and Asmabegaum, B. (2016). Microbial 
Flora on Medical Students’ White Coat and an Analysis of its Associated Factors: A 
Cross Sectional Study. International Journal of Current Microbiology and Applied 
Sciences. 5(7): 353-363. 
Tsuzukibashi, O., Uchibori, S., Kobayashi, T., Saito, M., Umezawa, K., Ohta, M., and 
Shinozaki-Kuwahara, N. (2015). A selective medium for the isolation of Microbacterium 
species in oral cavities. Journal of Microbiological Methods. 116: 60–65. 
Umar, D., Basheer, B., Husain, A., Baroudi, K., Ahamed, F., and Kumar, A. (2015). 
Evaluation of Bacterial Contamination in a Clinical Environment. Journal of International 
Oral Health. 7(1): 53-55. 
Uneke, C.J., and Ijeoma, P.A. (2010). The potential for nosocomial infection 
transmission of the white coats which were used by physicians in Nigeria: Implications 
for improved patient-safety initiatives. World Health and Population. 11(3):44–54. 
van Asbeck, E.C., Clemons, K.V. and Stevens, D.A. (2009). Candida parapsilosis: A 
Review of its Epidemiology, Pathogenesis, Clinical Aspects, Typing and Antimicrobial 
Susceptibility. Critical Reviews in Microbiology. 35(4), pp.283-309. 
Villanueva-Russell, Y. (2005). Evidence-based medicine and its implications for the 
profession of chiropractic. Social Science and Medicine. 60:545–561. 
Villanueva-Russell, Y. (2011). Caught in the crosshairs: identity and cultural authority 
within chiropractic. Social Science and Medicine. 72:1826-1837. 
 80 
Walter, C.L. (2010). Factors Influencing Development of Nosocomial Infection. [Online] 
Livestrong.com Available at: http://www.livestrong.com/article/166198-factors-
influencing-development-of-nosocomial-infection/ [Accessed 22 October 2018]. 
Wang, C.Y., Wu, H.D., and Hsueh, P.R. (2005). Nosocomial Transmission of 
Cryptococcosis. North England Journal of Medicine. 352(12), pp.1271-1272. 
Weinstein, R., Bridges, C., Kuehnert, M., and Hall, C. (2003). Transmission of influenza: 
Implications for Control in Health Care Settings. Clinical Infectious Diseases. 37(8): 
1094-1101. 
WHO. Guidelines on Hand Hygiene in Health Care: a Summary. (2009). World Health 
Organization. Available at: 
http://apps.who.int/iris/bitstream/handle/10665/70126/WHO_IER_PSP_2009.07_eng.pd
f?sequence=1 [Accessed 15 February 2018]. 
Widerström, M. (2016). Significance of Staphylococcus epidermidis in Health Care-
Associated Infections, from Contaminant to Clinically Relevant Pathogen: This Is a 
Wake-Up Call! Journal of Clinical Microbiology. Vol.54, no.7, pp.1679-1681. 
Wilson, S., Jacob, C.J., and Powell, D. (2009). Behaviour-change interventions to 
improve hand-hygiene practice: a review of alternatives to education. Critical Public 
Health. 21(1): 119–127. 
Wojtatowicz, M., Stempniewicz, R., Żarowska, B., Rymowicz, W., and Robak, M. 
(2008). Mikroflora Powietrza I Powierzchni. W Mikrobiologia ogólna. Wrocław: 
Wydawnictwo Uniwersytetu. Pp.95-100. 
Zawacki, A., O'Rourke, E., Potter-Bynoe, G., Macone, A., Harbarth, S., and Goldmann, 
D. (2004). An Outbreak of Pseudomonas aeruginosa Pneumonia and Bloodstream 
Infection associated with Intermittent Otitis Externa in a Healthcare Worker. Infection 
Control and Hospital Epidemiology. 25(12), pp.1083-1089. 
 
 
 
 81 
 
 
 
 
 
 
 
 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
 
May 2018 
 
Good Day 
 
My name is Francois Mutombo  I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research study on 
“Chiropractic white coats as potential reservoirs of nosocomial pathogens”. 
 
Before you decide on whether to participate, I would like to explain to you why the research is being 
done and what it will involve for you. I will go through the information letter with you and answer any 
questions you have. This should take about 10 to 20 minutes. The study is part of a research project 
being completed as a requirement for a Master’s Degree in Chiropractic through the University of 
Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to determine the level and type of nosocomial pathogen contamination 
existing on the white coats of chiropractic interns, and to assess the risk of transmission of pathogenic 
microorganism via this route, as well as the interns’ perceptions and practices towards the handling and 
cleaning of white coats.. 
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Below, I have compiled a set of questions and answers that I believe will assist you in understanding the 
relevant details of participation in this research study. Please read through these. If you have any further 
questions I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate in the study. I 
will describe the study and go through this information sheet. If you agree to take part, I will then ask 
you to sign a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? You must be a chiropractic 
student currently practicing at the University of Johannesburg Chiropractic Clinic. As most students work 
alternate days in the clinic, the duration of the study will be about a week during which you will need to 
answer a 16-item survey regarding your attitude and behaviour on white coats hygiene. It will only take 
a few minutes of your time (2 to 5 minutes) to answer the 16-item survey and sampling of your white 
coat with contact plates. Once completed, kindly deposit your forms into the closed box at the 
chiropractic reception desk, where I will collect it and store it in a file, in a safe and secure room in an 
enclosed cabinet at the University of Johannesburg Chiropractic Day Clinic. 
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to participate, you are 
free to withdraw your consent at any time without giving a reason and without any consequences. If you 
wish to withdraw your consent, you should inform me as soon as possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT DUE TO ME:  You 
will not be paid to participate in this study and you will not bear any expenses. 
 
RISKS INVOLVED IN PARTICIPATION: There are no risks involved in this study. 
 
BENEFITS INVOLVED IN PARTICIPATION: You will help us determine the presence and type of 
nosocomial pathogen contamination existing on the white coats of chiropractic interns at the clinic, the 
information gathered will then be used to educate health care students and/or professionals on the 
importance of correct hygiene practices within the healthcare profession and settings. 
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names on the survey/data sheet 
will be removed once analysis starts. All data and back-ups thereof will be kept in password protected 
folders and/or locked away as applicable. Only I or my research supervisor will be authorised to use 
and/or disclose your anonymised information in connection with this research study. Any other person 
wishing to work with you anonymised information as part of the research process (e.g. an independent 
data coder) will be required to sign a confidentiality agreement before being allowed to do so. 
 
WILL MY TAKING PART IN THIS STUDY BE ANONYMOUS? Yes. Anonymous means that your personal 
details will not be recorded anywhere by me. As a result, it will not be possible for me or anyone else to 
identify your responses once these have been submitted. 
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WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be written into a 
research report that will be assessed. In some cases, results may also be published in a scientific journal. 
In either case, you will not be identifiable in any documents, reports or publications. You will be given 
access to the study results if you would like to see them, by contacting me.  
 
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organised by me, under the 
guidance of my research supervisor at the Department of Chiropractic and the Water and Health 
Research Centre in the University of Johannesburg. This study has received funding from the Water and 
Health Research Centre. 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to start, it was 
reviewed in order to protect your interests. This review was done first by the Department of 
Chiropractic, and then secondly by the Faculty of Health Sciences Research Ethics Committee at the 
University of Johannesburg. In both cases, the study was approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research study, its 
procedures or risks and benefits, you should ask me. You should contact me at any time if you feel you 
have any concerns about being a part of this study. My contact details are:  
 
Francois Mutombo 
27727194168 
fmutombo7@gmail.com 
 
You may also contact my research supervisor: 
Prof. Tobias Barnard 
tgbarnard@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study have not been 
dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences Research 
Ethics Committee at the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific information 
about this research project information, have any questions, concerns or complaints about this research 
study, its procedures, risks and benefits, you should communicate with me using any of the contact 
details given above. 
 
 
Researcher: 
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Francois Mutombo 
<Signature> 
 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
 
“Chiropractic white coats as potential reservoirs of nosocomial pathogens”. 
 
Please initial each box below: 
 
 
       I confirm that I have read and understand the information letter dated May 2018 for the 
above study. I have had the opportunity to consider the information, ask questions and have had these 
answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to withdraw from this study 
at any time without giving any reason and without any consequences to me. 
 
 
      I give permission for the bacteria and fungi found to be used in future studies. 
 
 
      I agree to take part in the above study. 
 
 
 
_______________________       ______________________  ________________ 
Name of Participant        Signature of Participant     Date 
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_______________________      _____________________ ________________ 
Name of Researcher       Signature of Researcher   Date 
 
Appendix C – White Coat Practices Survey (Banu et al, 2012 and Priya et al, 2009). 
 
 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
FACULTY OF HEALTH SCIENCES 
 
White Coat Practices Survey 
 
Participant number:  
 
• Tick only one answer to each question. 
• Please read the questions carefully before answering. Your answers will be kept confidential. 
• This is a survey about your current thoughts and practices regarding the handling of white clinic coats. Your 
participation is voluntary and your answers are confidential; please do not write any personal identifying information on 
this form. Please select a single answer that best describes your attitude and actions regarding infection control in 
chiropractic. Once completed, kindly deposit your form into the box at the chiropractic reception desk. 
 
1. Gender:  Male  Female 
2. Age:   years 
3.        1st year Clinical Training  2nd year Clinical Training         3rd year Clinical Training 
 
4. Which hand is your dominant hand?    Right          Left 
5. Where do you live?      At home    At hostel 
6. What is your main reason for wearing a white coat?     
To cover clothing    To keep warm To appear professional       Dress code of Clinic        For usage of pockets 
v v 
v v 
v 
v v 
v 
v v v V v 
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7. How do you carry your white coat? 
                  Cover       Bag      Hands          Shoulder 
8. What is your frequency of usage of the white coat? 
                       Only in clinic                 In clinic and around campus  In Clinic, around and outside campus  
9. When was the last time you washed your white coat? 
3 days ago or less        1 week      2-4 weeks 1 month or more 
10. How often do you wash your white coat?     
Once in 3 days Once a week 2-4 weeks       More than a month ago 
11. Where do you clean your white coat? 
  Home wash          Public Laundry       
12. Do you perceive your white coat to be clean if it has no stains? 
                       Yes                 No  
13. Do you perceive your white coat to be clean if collar and pockets are clean?     
        Yes  No 
14. Do you consider your white coat to be contaminated with or without stains? 
        Yes  No 
15. Do you believe that your white coat can be a potential transmitting agent for pathogens?  
        Yes  No 
16. Have you ever exchanged, lend or used another person's white coat? 
        Yes  No 
 
Thank you very much for your time. 
 
Adapted from the articles “White Coats as a Vehicle for Bacterial Dissemination” and “Microbial Contamination of the White 
Coats of Dental Staff in the Clinical Settings” surveys (Banu et al, 2012 and Priya et al, 2009). 
 
 
 
 
 
 
 
 
 
 
v v v V
v v 
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